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1. INTRODUCTION 
1.1 Introductory Remarks 
Two general types of construction are commonly used as floors for 
reinforced concrete buildings. They are floors in which the load is trans-
mi t ted to the supports through beams, and floors which consist of a slab 
without beams which is supported directly on the columns .. In the former case, 
the load may be carried through joists to beams, then to girders, and then to 
the columns, or through slabs to beams to girders to the columns. The con-
stituent slabs, jOists and beams may be precast or monolithic. Where they 
are monolithic, the system is in reality a complex unity but because it is 
composed of a small number of relatively stiff elements it has been considered 
as a system of continuous beams and slabs each carrying load in only one 
direction. 
The beamless slabs, known as flat slabs, are relatively modern 
innovations dating from 1906. They mayor may not have a thickened portion 
around the columns (drop panels) and flared column heads (capitals). These 
slabs are also complex units. Because there were no beams through which the 
engineer could easily visualize the load being carried to the columns, flat 
slabs were viewed originally somewhat with awe and considered to· be beyond 
the reach of the elementary conditions of equilibrium. 
Another type of construction, which really cannot be placed in a 
category by itself, is the slab which is supported on its four sides by beams 
spanning between the columns, known as the two-way slab. In categorizing 
this type of floor, it has been placed traditionally with floors which consist 
of jOists and beams. This is probably because in this case also the engineer 
can easily see that the load goes from the slab to the beams to the columns. 
-1-
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* In the ACI Building Code (1) , two-way slabs are included with continuous and 
simply supported beams} and one-way slabs in the chapter entitled ~lexural 
Computations~o In this chapter, moment coefficients are given for designing 
continuous beams, with certain limitations as to the relative lengths of 
adjacent spans, and also for designing two-way slabs. The coefficients in 
both cases were obtained by consideration of the most unfavorable condition 
of loading for the moment at given sections 0 As a result.1 two-way slabs and 
continuous beams may be designed for more than the total static moment. This 
is a time-honored method of design, used also in steel construction, which 
has wide acceptance with the engineering profession. 
Flat slabs are placed in a chapter by themselves in the ACI Building 
Code. This reflects the attitude of the profession that they are a different 
species. Flat slabs are designed for less than the static moment, in fact they 
can be designed for as little as 72 percent of the static moment. 
In reality, if a distinction between structural systems is to be 
made, it should be made between two-way and flat slabs on the one hand and 
beam and gi~er floors on the other 0 The inference gained from the current 
design pro~eiures for the two systems is that when material is removed from 
betv!een the columns, the slab somehow becomes stronger. However , although 
the presence or absence of a stiff element between the columns greatly 
influences the distribution of moment within a given panel} it does not change 
the total rno:nent. 
Design provisions for beams and two-way slabs have been developed 
analytically. Contrary to this, the desi&~ provisions for flat slabs resulted 
primarily from load tests on such structures in the decade from 1910 to 19200 
* Numbers refer to entries in the list of references. 
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In order to show the influence of those tests on design provisions, a number 
of tests made during that period are reviewed in Chapter 2. 
1.2 Object and Scope of the Investigation 
This report is concerned with one phase of an investigation of 
multiple-panel reinforced concrete floor slabs. The investigation is con-
cerned specifically with two-way slabs and flat slab type floors. The purpose 
of the investigation is to study these types of slabs in order to obtain a 
better understanding of their behavior and to provide information for con-
sistent design procedures for two-way slabs and beamless slabs. 
The over-all investigation includes experimental and analytical 
studies 0 The experimental phase of the investigation consists of tests on 
five quarter-scale reinforced concrete floor slabs. Each structure consists 
of nine square panels arranged three by three 0 The structures are as follows: 
(1) Flat plate 
(2) Flat slab 
(3) Two-way slab with stiff beams 
(4) Two-way slab with flexible beams 
(5) Flat slab reinforced with welded wire fabric. 
The first three slabs were typical structures designed according to the ACI 
Building Code. The fourth slab was a structure which was not strictly within 
the scope of the design provision of the ACI Code for two-way slabs. It was 
a structure intermediate between flat slabs and two-way slabs designed 
according to the provisions of the ACI Code. The fifth slab was a typical 
structure. It differed from the second one in that welded wire fabric was 
provided for reinforcing instead of individual bars. 
The tests on all five structures have been completed. Studies of 
tests on the first three structures have been reported in Refo 2, 3 and 4. 
! 
-4-
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1.3 Object and Scope Of this Report 
This report describes studies of tests on the quarter-scale flat 
plate and flat slab 0 It is concerned with: (1) the behavior, that is, 
'deflections, stresses and cracking, of the two structures at design load, 
when ~ubjected to an overload, and when tested to failure, (2) the moments 
in the structures at design load, (3) the strength and modes of failure of 
the structures 0 
The test structures were quarter-scale nine panel slabs with spandrel 
beams at the discontinuous edgeso In both structures, two adjacent edges were 
supported by stiff spandrel beams and the other two edges were supported by 
flexible spandrel beams 0 
The program of testing was essentially the same for both structureso 
A series of tests was made at loads below the estimated cracking loads, the 
first test being made with all panels loaded and subseque~t tests with strip 
loadings which were intended to produce maximum positive and negative moments 0 
The next series of tests was at the design load and then followed a series at 
an overload 0 In both series, all panels were loaded first, followed by strip 
loadings 0 Finally, the structures were loaded to failure" A total of 40 tests 
were made on the flat plate and 37 on the flat slab. 
The tests with strip loadings served two purposes~ to crack the 
slab thoroughly so that the effect of cracking on moments could be studied., 
and to determine how much the moments at critical sections were increased by 
partial loadingso 
The studies described in this report were confined primarily to 
two tests on each structure: (1) the design load test with all panels loaded, 
(2) the test to failure. In each test on the two structures, steel strains 
were measured at a large number of locations. The moments described in this 
-5-
report were computed from the steel strains measured in the design load tests. 
Measured column reactions were also used to compute moments across the entire 
width of the test structure. 
The test structures and the full-sized structures from which they 
were scaled down are described in Chapter 3, as well as the materials used 
in the construction of the test structures and the methods of construction. 
The latter are more fully described in Appendix A. The loading equipment, the 
instrumentation, and the testing procedures are described in Chapter 4. The 
behavior of the structures in the design load tests, the overload tests, and 
the tests to failure is described in Chapter 5. Chapter 6 describes the 
moment-steel strain relationships which were assumed in computing moments from 
measured steel strains. The moments across the entire width of the test 
structures as determined from measured column reactions and measured steel 
strains are reported in Chapter 7. The moments in the flat plate and the 
flat slab are reported in Chapters 8 and 9, respectively. Chapter 10 includes 
a strength analysis of the two structures. Chapter 11 consists of design 
considerations and Chapter 12 is a summary. 
Appendix B describes the dynamometer used to measure the column 
reactions of the test structures. Appendix C includes a discussion of the 
theoretical distribution of load on spandrel beams and the assumptions used 
in the analysiS of the test data. In Appendix D are included copies of the 
provisions for the design of flat slabs in the ACI Codes from 1920 to the 
present. The current French, German, and English specifications for the design 
of flat slabs are also included. 
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2 . REVIEW OF LOAD TESTS ON FLAT SLAB BUILDINGS 
2.1 Introduction 
The design provisions for flat slabs in the ACI Building Code were 
greatly influenced by a number of tests on flat slabs prior to 1920. In order 
to further the understanding of why the ACI Code evolved as it did, tests on 
13 buildings in which flat slab floors were used are briefly reviewed in this 
chapter. The approximate size of the building, the number and location of the 
loaded panels, and pertinent dimensions of the slab are given for each building. 
Idealized plans of most of the buildings showing the location of the loaded 
panels with respect to the building as a whole are shown in Fig. 1. 
All of the tests had certain things in common which will be given 
here so that they need not be repeated for each building. Deflections of the 
loaded panels were measured, but the magnitude of those deflections are not 
given in this review. Strain measurements were taken on the steel and 
concrete, usually with Berry extensometers with gage lengths varying from 8 
to 15 in. Only the maximum steel stresses, determined from measured strains, 
are reported in the following discussion. Unless otherwise noted, the 
stresses given include estimated dead load stresses. All of the slabs had 
drop panels and column capitals. Slab thicknesses given below do not include 
the thickness of the drop panel. 
The last section of this chapter consists of a brief discussion of 
these tests and the way they were interpreted by the engineering profession. 
202 Description of Tests 
(a) Deere and Webber Buildin~ - The first published test on a flat 
slab floor was made on the Deere and Webber Building in Minneapolis in 
-8~ 
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1910 (5J6)o The building was eight stories high and was seven bays wide and 
eight bays longo The slab was 9-3/16 ino thick and the panel. dimensions were 
18 ft 8 ino by 19 ft 1 ino The slab had four-way reinforcemento The design 
live load was 225 psf and the total design load was 340 pSfo 
Eight adjacent interior panels) two rows of three panels and one row 
of two panels, were loaded (Figo la)o The maximum superimposed load was 
350 psf. The maximum negative and positive moment stresses were 3101 and 
12.7 ksi, respectively 0 The ratio of the superimposed load to the design 
live load was 1.5· 
(b) Powers Building - In 1911 in Minneapolis, the Powers building 
was tested (7)0 The building had two stories and a basement and was two bays 
wide and five bays longo The slab was 7-3/4 ino thick and the panel dimen-
sions were 19 ft 6 ino by 13 ft 5 in. Two-way reinforcement was usedo The 
first floor of the building, which was the one tested, was .supported around 
the perimeter on the reinforced concrete foundation wallo The design live 
load was 200 psf and the total design load was 300 psfo 
Four panels were loaded to design load (Figo Ib). After the design 
load was reached, two panels were unloaded and two adjacent panels across 
the narrow dimension of the building were loaded to 400 psf superimposed load 0 
Thus} the maximum ratio of test load to design live load was 20 The maximum 
steel stress was 27 ksio 
(c) Franks Building ~ The Franks Building in Chicago was also 
tested in 1911 (8)0 The· building was five bays wide and six bays long 0 The 
slab was 9-1/4 ino thick and the panel dimensions were 20 ft 3 in. by 
19 ft 4 in. Four-way reinforcement was usedo The design l.ive load was 
250 psf 0 
Four interior panels of the building, two by two, were loaded to 
312 psf (Fig. lC)o The load was then removed from two panels and applied to 
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the remaining two adjacent panels. The maximum test load, 624 psf, was 
2.5 times the design live load. The maximum steel stress was 10 ksi. 
(d) Larkin Building - The Chicago Warehouse of the Larkin Co. was 
tested in 1912 (9). The building was five bays wide by ten bays long. The 
panels were approximately 20 ft by 24 ft and the slab was 9 ine thick. The 
second of eight stories was tested. Four-way reinforcement was used. The 
design live load was 250 psf. 
Five panels j three next to an edge and two adjacent interior panels, 
were loaded to design load (Fig. Id). Next, the load was removed from one 
edge panel and one interior panel, and the test load on the remaining three 
panels was increased to 415 psfo Finally, the load was removed from one edge 
panel and the remaining two adjacent edge and interior panels were loaded 
to 618 psf. The ratio of the maximum test load to the design live load was 
about 2.5 and the ratio of superimposed load plus dead load to total design 
load was 2. The maximum steel stress reported at the maximum load was 
(e) Sr:eided Wheat Factory - The Shredded Wheat Factory in 
Niagara Falls, X;e ... · York was tested in 1913 (10) 0 The building was three 
stories high, !"ct~:- Lays ""ide and 12 bays long 0 The slab was 7 in. thick and 
the panels were (..'" r. by 22 fto The slab was reinforced in two directionso 
The desigr. live lcai was 125 psfo 
Nine pu~e:s, three by three, were loaded to 141 psf (Fig. Ie). 
Since the build:ng was only four bays wide, three of the loaded panels were 
edge panels. The load was then removed from six panels so that three panels, 
in a row one bay distant from an edge j were loaded to 191 psf. Finally, the 
load was removed from two more panels and the remaining panel was loaded to 
243 psf. The ratio of the maximum test load to the design live load was 
approxima.tely 2. 
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(f) Schwinn Building - The Schwinn Building was tested in 1914-15 
(11)0 A test load was left in place for one year, during which time measure-
ments were taken periodically. The building was six stories high, three bays 
wide and 23 bays long. The slab was 10 in. thick and ,the panels were 27 ft 
by 24 ft. Four-way reinforcement was used. The design live load was 150 psf. 
One edge panel was loaded with a superimposed load of 450 psf for one year 
(Fig. If). 
(g) Shulze Baking Company - The building of the Shulze Baking Co. 
in Chicago was tested in 1914 (10). It was five stories high, eight bays 
wide and 17 bays long. The slab thickness was 9 in. and the panels were 
17 ft 6 in. by 20 ft. Four-way reinforcement was used. The design live load 
was 300 psf. 
Four interior panels, two by two, were loaded to 315 psf (Fig. 19). 
All of t~o panels and part of the remaining two were then loaded to 600 psf. 
The maximum steel stresses reported were 10 ksi. No cracks could be found. 
(h) Northwestern Glass Company - The building of the Northwestern 
Glass Comparv in Minneapolis was tested in 1913 (12). It was four bays wide 
and eight lo~g. The panels were 16 ft by 17 ft. and the slab was 8 in. thick. 
Four-way reir~orcement was usedo The design load was not reported. 
Four adjacent panels, two of which were edge panels, were loaded 
to 5~O psf (Fig. lh). The load was then shifted to two panels with 1000 psf 
on one panel and 750 psf on the other. The maximum stress reported was 
22.4 ksi. 
(j) Donnelly Building, Studebaker Building and St. Paul Bread Co. 
In Ref. 12 tests on the three above buildings were briefly described. The 
Donnelly and Studebaker buildings were in Chicago ani the St. Paul Bread 
Company building was in Sto Paul, Minnesota. 
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The panels of the Donnelly building were approximately 24 ft 6 ino 
square. The total design load was 450 psf and the maximum test load, includ-
ing dead load was 900 psfo The maximum steel stresses and the number of 
panels loaded were not reported 0 
The Studebaker building had panels which were approximately 24 ft 
square. Tbe total design load was 200 psf and in the test, one panel was 
loaded to 300 pSfo 
The St. Paul Bread Company building had a 6-in. slab with panels 
which were 16 ft by 15 fto The total design load was 175 pSfo One panel was 
loaded to a total load of 417 psfo 
Western Newspaper Union Building - The Western Newspaper 
Building in Chicago was tested in 1917 (13). The building bad six bays in 
each direction. The slab was 8-1/2 in. thick and the panel dimensions were 
17 ft 5-1/2 inc by 19 ft 4-1/2 ino Four-way reinforcement was usedo The 
total design load was 350 psfo Because the building was to be razed to make 
way for a new building, it afforded a unique opportunity to test a flat slab 
to near ultimate loadso 
Four interior panels were loaded to 1013 psf, including dead load 
(Figc lk)o The steel stresses at the column heads varied from 49.2 to 
The moments across two complete panels were computed using the 
measured steel stresses and the straight line formula. The total moment 
across the two panels was taken as 
2 2 c 2 M = - WL(l - - -) 8 3 L 
where W = the total load on each panel, 
L = the center-to-center column spaCing, 
c the support sizeo 
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The negative moment was assumed to be 2/3 M and the positive moment 1/3 M. 
The moments determined from measured steel strains accounted for 90 percent 
of the assumed negative moment and 70 percent of the assumed positive moment. 
(m) New Channon Building - The New Channon Building in Chicago was 
tested in 1920 (14). The building was six bays wide and n~ne bays long. It 
had an a-ino slab and 20-ft s~uare panels. The slab was reinforced according 
to the Smulski system. The design live load was 200 psf. 
The maximum test load was 650 psf and the maximum steel stress was 
approximately 30 ksi. 
2.3 Discussion of Tests 
The reports of the tests described in the preceding section produced 
much lively discussion in the literature and undoubtedly much besides) which 
was not for public consumption. One school of thought maintained that the 
laws of statics) or so-called "beam theory") did not apply to flat slabs. It 
was claimed that because of the "two-dimensional action" of slabs) Poisson's 
ra tio came into play and orthogonal tens i·ons mutually reduced each other 0 
(See Ref. 12 and 15) as well as the discussions to Ref. 12 and 16.) This 
proposition was offered to explain the differences between the static moment 
computed by Jo R. Nichols (16) and the moments computed from measured steel 
strains. In nearly all of the above tests the difference between the two was 
very large. The total moment computed from the steel strains was considerably 
smaller than that indicated by Nichols except for the Western Newspaper Union 
Building (83 percent of Nichols) which was loaded nearly to failure. Some 
engineers surmised correctly why there was such a difference. However) the 
tests outlined above carried much weight with the profession as a whole) and 
it is upon the foundation of these and other tests that the current provision 
in the ACI Code that flat slabs be designed for less than the static moment 
rests. 
, J 
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The reasons why the apparent total moment obtained from the tests 
did not agree with the static moment are enumerated below. All of the 
factors below are mentioned at one time or another in the discussions to the 
papers describing the above tests. 
(a) Manner of loading. 
(b) Tension in the concrete was neglected. 
(c) Manner of measuring strains. 
(d) Twisting moments around column capitals. 
(a) Loading - In every test but one of these reviewed above, only 
a few panels, a maximum of three in a row, of a building with many bays were 
loaded. In the one exception, the Powers building, the building was only two 
bays wide and reinforced concrete walls assisted in carrying the load. In 
most cases the maximum test load was imposed on only one panel. In such 
cases, the unloaded panels surrounding the loaded one assisted in carrying 
the load to a very great extento This fact was completely ignored by some 
engineers of the period. In Ref. 12, the author used several tests (h and 
j in the preceding section) to verify his contention that the effect of 
Poisson's ra~io reduced steel stresses. In two of the cases cited, only one 
panel was loaded. In the final test on the flat slab described in this report, 
the center panel was loaded to failure. The center panel alone carried a 
total load of 830 psf at failureo This is nearly three times the total 
design load. Furthermore, the strength of the panel was limited by the 
strength of the interior columns in flexure. It can be concluded un~uestion-
ably that the application of load on only a few panels in each structure 
contributed greatly to the apparent discrepancy between the moment in the 
slab and the static moment. 
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(b) Tension in the Concrete - The fact that the tension in 'the 
concrete should be considered in computing moments in the test slabs was 
recognized by some engineers but explicitly denied by others (See discussions 
to Ref. 12). Some attempts were made to take this factor into account, with-
out much success. Another factor should be mentioned. The moment vs. steel 
strain relationship can be idealized by two straight lines; one with a 
relatively steep slope which represents behavior before cracking, and the 
other with a less steep slope, which represents behavior after cracking. For 
very low percentages of steel, which includes most slabs and certainly most 
of the test slabs, the line representing behavior after cracking may be , 
nearly horizontal. Consequently, there may be very little difference between 
the moment required to crack the slab, prior to which the steel stresses are 
very low, and the yield moment. Because of this, low steel stresses, which 
were the hall-mark of the test slabs, may give no indication of the 
imminence of yielding. 
(c) Measurement of Strains - The steel strains in the test slabs 
were measured with Berry extensometerso The extensometers used for the 
various slabs had gage lengths which varied from 8 to 15 in.' The measured 
strains reported were actually the average strain for the gage length. If 
the gage crossed a crack, it could not possibly measure the strain at the 
crack, which could be much greater than the strains where the concrete was 
not cracked. Consequently, the relatively high strain at the crack was 
averaged over the entire gage length. 
(d) Twisting Moments Around Column Capitals - This was a relatively 
small but not negligible factor. That part of the static moment transmitted 
to the columns through tWisting moments around the column capitals could not 
be recorded with the instrumentation used in the tests. 
3 • DESCRIPTION OF PROTOTYPE AND TEST STRUCTURES 
3.1 Prototype Structures 
The prototypes of the quarter-scale test structures were chosen 
as structures with design loads and dimensions representative of those 
normally used for flat plate and flat slab floors. The flat plate was 
designed as a floor in a typical apartment building and the flat slab was 
designed with a live load which might represent use for light storage. Both 
of these represent typical applications of these structural systems) although 
flat slabs are often designed for much heavier loading. The size and arrange-
ment of the panels were determined by the limitations of the testing facilities. 
The prototype structures were designed by the engineering firm of DiStasio 
and Van Buren according to the provisions of the empirical method in 
Section 1004 of ~he 1956 ACI Building Code. 
Both slabs consisted of nine) 20-ft square panels with three bays 
in each direction. In both structures) the slabs were supported at their 
discontinuous edges by spandrel beams. Two adjacent edges were supported on 
deep) narrow beams which were relatively stiff in flexureo The other two 
edges were supported on shallow), wide beams which were less stiff flexurally 
than the deep beams. Thus) t~e structures were symmetrical about a diagonal. 
With this arrangement of panels and spandrel beams) every type of panel) with 
the exception of an interior panel more than one span distant from the edge) 
could be studiede The layouts of the prototype flat plate and flat slab are 
shown in Figs. 2 and 3. 
The flat plate was designed as an apartment building floor) six 
floors below the roof. The slab was designed for a live load of 40 psf) a 
-16-
-17-
superimposed., dead ,load Qf30 psf forparti tions aI1d finish, and the slab 
dead load of 85 psf, :gi ving a total des ignload of 155 psf. 
The flat slab was designed as a floor immediately below the roof. 
The slab was designed for a live load of 200 psf and a dead load of 85 psf, 
giving a total design load.of 285 psf. 
The following working stresses were used in the design of both 
structures. 
Concrete stress, f =,1350 psi, (ft 
c c 
3000 psi) 
Steel stress, fs = 20000 psi 
(all steel intermediate grade) 
Allowable shear stress at distance d from the face 
of the ,capital, where d is the effective depth of 
the steel at the column. 
v = 0.30 f~ = 90 psi 
In both structures, the slab thickness was 7 in. In the flat slab, 
10-in. thick drop panels were provided at the interior and side columns, but 
not at the corner columns. Plan dimensions of the drop panels are shown in 
Fig. 3. The interior columns of the flat plate were 24 in. s~uare and the 
interior column capitals were 48 in. s~uare in the flat slab. The ratio of 
least column dimension to span length, clL, was 0.10 for the flat plate and 
0.20 for the flat slab. 
The columns of the flat plate we~e designed to support a roof plus 
five floors above the floo~ and a roof plus six floors below the floor. Live 
load reductions were made according to the New York City Building Code. The 
columns ,of the flat slab were designed for a roof load above the floor and 
for a roof load plus floor ~oad below the floor. All columns were designed 
for moments as specified in Section 1004(b) of the 1956 ACI Building Code 0 
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In proportioning the columns, the compressive steel mentioned in 
Section 1109(d) of theACI Code for which the modular ratio may be doubled 
was interpreted to be all of the steel rather than the steel which would be 
in compression in a flexural member. 
The spandrel beams of both structures were designed for a portion 
of the floor load, as specified in Section 1004 of the 1956 AOI Code, plus 
a uniformly distributed load of 600 lb per foot which included the weight of 
the beam and the exterior wall. The positive and negative moment sections 
were designed for the following moments. 
End Span 
Exterior Negat.ive Moment 
Positive Moment 
Interior Negative Moment 
Interior Span 
Negative Moment 
Positive Moment 
M :::: 1/16 WL 2 
M = 1/14 WL2 
M - - 1/10 WL 2 
M = 1/10 WL2 
M = 1/16 WL2 
In the above expressions, W is the total load on the beam and L is the 
span length from face to face of columns. 
The deep beams of the flat plate were 8 by 21 in. and the shallow 
beams 16 by 11 in. In the flat slab, the deep beams were 8 by 24 in. and 
the shallow beams 18 by 10 in. 
The side and corner columns of the flat plate were 24 by 16 in. 
and 16 in. square, respectively. In the flat slab, the side columns were 
20 by 14 in. "and the" corner columns were 14 in sCluare 0 The interior columns 
of the flat slab were 15 in. square below the capitals. The floor to floor 
height of the columns was 10 ft for the flat plate and 12 ft for the flat 
slab 0 Cross sections showing details of the "beams, columns, capitals, and 
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drop panels are shown in Figs. 4 and 5 for the flat plate and flat slab, 
respectively. 
Slab reinforcement in both prototypes consisted of 1/2-in. square 
bars 0 This size was used so that the reduction in scale to the test struc-
tures, in which 1/8-in. square bars were used, could be made directly. 
Placing drawings for the slab reinforcement are shown in Figs. 6 to 9. The 
slab top steel is shown in Figs. 6 and 8 for the flat plate and flat slab, 
respectively, and the bottom steel is shown in Figs. 7 and 9. 
Details of the reinforcing steel for the columns are shown in 
Figso 4 and 5 for the flat plate and flat slab, respectively, and for the 
beams in Figs. 10 and 11. 
3.2 Test Structures 
The layouts of the quarter-scale test structures are shown in 
Figs. 12 and 13 for the flat plate and flat slab, respectively. Each panel 
of the structures was 5 ft square and the nominal slab thickness was 1-3/4 in. 
The panels were designated by letters A to J (the letter I was not used) from 
the northwest corner panels to the southeast corner panels. Similarly, the 
columns were numbered from 1 to 16 reading from west to east and.north to 
south. 
The total thickness of the drop panels in the. flat slab was 
2-1/2 in. The interior drop panels were 20 in. square in plan and the 
interior column capitals were 12 in. square. 
The beams for the flat plate were 2 by 5-1/4 in. and 4 by 2-3/4 in. 
The beams for the flat· ·slab were 2 by 6 in. and 4-1/2 by 2-1/2 in. 
The column dimensions for the flat plate and flat slab are 
tabulated below. 
Interior Columns 
Side Columns. 
Corner Columns 
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Flat Plate 
6 ine sq" 
4 by 6 in. 
4 in. sqe 
Flat Slab 
3-3/4 in. sq" 
3-1/2 by 5 in. 
3-1/2 in. sq. 
The lengths of the columns of the test structures were chosen so that the 
stiffnesses of the interior columns of the test structures would be 
equivalent to the stiffnessesof the interior columns of the protot;y:pes" The 
protot;y:pe columns extended above and below the floor and their far ends were 
fixed" The test columns extended only below the floor and the lower ends were 
pinned. In the stiffness calculations, the thickness of the slab or drop 
panel was assumed to be infinitely stiff, and all sections were assumed to be 
unreinforced and uncracked" The length of the test columns was defined as 
the distance from mid-height of the slab to the center of the ball on which 
the columns were supported. This dimension was 10-3/8 in. for the flat plate 
and 21-3/8 in. for the flat slab. Cross sections of the flat plate and flat 
sl,qb t.est structures showing details of columns, beams, capitals" and drop 
panels are shown in Figs. 14 and 15, respectively. 
Slab reinforcement consisted of 1/8-in. square bars substituted 
bar for bar for the 1/2-in. square bars in the prototypes with the bar spacing 
being one-fourth of that in the prototypes. The placing diagrams for the 
slab reinforcement in the test structures are shown in Figs. 16 to 19. The 
slab top steel is shown in Figs. 16 and 18 for the flat plate and flat slab, 
respectively, and the bottom steel is shown in Figs. 17 and 19. 
Columns and beams of the test structures were reinforced with 
No.2 plain bars. Reinforcing was provided as required by the design 
calculations. Details of the column reinforcing are shown in Figs. 14 and 15 
for the flat plate and flat slab, respectively, and details of the beam 
J 
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reinforcing are shown in Figs. 20 and 21. In addition to the longitudinal 
column steel, No.2 bars were welded across the top of the longitudinal 
bars to provide for transfer of moment from the slab into the columns. 
The columns of the test structures were not provided with all of 
the steel required by the design calculations. The moments in the prototype 
columns were to be resisted by the columns above and below the floor. Since 
the columns above the floor were eliminated in the test structures, the 
columns below would have to carry all of the moment and should have been 
reinforced accordingly. Steel was not provided for this additional moment. 
This lack was offset partially in the flat slab and entirely in the flat 
plate since the columns were designed for high axial load from upper floors. 
Consequently, steel which bad been provided in the prototype to resist axial 
load was available in the test columns to resist momento 
The columns were supported on 3/4-ino thick steel plates which were 
recessed on ~he bottom to receive a 3/4-in. diameter steel ball. The steel 
balls f:ttei in:o the tops of the tripod reaction dymometerso This arrange-
ment pe~~::e~ rotation of the columns without horizontal movement. To 
provide ~C~ :~nsfer of the horizontal column reactions to the steel plates, 
1/4-in. ro~.:' :'~e;s ... ere welded to the tops of the plates. 
3.3 M9.ter:..n::: a:1d Fabrication 
:he ca~erials used and the procedures used for fabrication were 
essentially :he SB...""l:! for both structures and have been reported in detail 
in Refs. 2 and 3. In this report, this information is given in detail in 
Appendix A. In this section the properties of the materials and the methods 
of fabrication will be described briefly. 
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(a) Concrete 
The test structures were made of a small-aggregate concrete 
consisting of Type I portland cement, a blend of coarse Wabash!River sand 
and fine lake sand, and watero The mix proportions 'chosen for the two slabs 
are tabulated below. The ratios given are weight ratios. 
Flat Plate Flat Slab 
Water:Cement ratio 
Sand:Cement ratio 
The aggregate used was a blend of 80 percent by weight of Wabash 
River sand, which had a maximum size of 1/8 in., and 20 percent of fine lake 
sando The fineness modulus of the blended aggregate was 208. 
Control specimens were made from each batch of concrete which went 
into the slabs in order to determine the properrties of the concrete in each 
batch. It should be pointed out, however, that they did not necessarily 
represent the properties of the concrete in the slabs. The specimens made 
were 2 by 4-in. cylinders, 4 by 8-in. cylinders, and 2 by 1-3/4 by 18-in. 
beam: specimens. The 4 by 8-in. cylinders were only made from three batches 
of concrete for the flat slab. Tables 1 and 2 show properties of each batch 
of concrete as indicated by the control specimens for the flat plate and flat 
slab, respectively. Mix proportions, and compressive strength, modulus of 
elasticity, and modulus of rupture at various time intervals are shown. 
Average values of the compressive strength, modulus of elasticity, and modulus 
of rupture of the control specimens for each slab at the beginning of testing 
are sQmmarized in the table below. 
Flat Plate Flat Slab 
(76 days) (78 days) 
Compressive strength, fV 2510 psi (27 tests) 2760 psi (28 tests) 
c 
208xl06 3.lxl06 psi Mod.ulus of elasticity, E psi (23 tests) (9 tests) c 
Modulus of rupture, f 700 psi (4 tests) 600 psi (10 tests) 
r 
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(b) Slab Reinforcement 
The slab reinforcement used in the test structures consisted of 
1/8-.in., sCluare bars. Cold finished C··10I8 steel was used in the flat plate 
and cold finished B .. 1l13 steel was used in the flat slab. In both instances, 
the steel was annealed, after trial lots were test-annealed, in order to give 
it approximately the stress-strain characteristics and yield point stress of 
the intermediate grade steel for which the prototypes were designed. The 
average yield stresses of the two types of steel after annealing are shown 
below., 
Flat Plate 
Flat Slab 
Steel 
C·-I018 
B··il13 
Annealing Temp. 
10750 
13000 
f y 
36.7 ksi 
42.0 ksi 
No. of Tests 
43 
52 
Typical stress strain relationships for the annealed C·1018 and B·1113 bars 
are shown in Figs. 22 and 23, respectively. 
( c) Beam and Column Reinforcement 
The steel used in the beams and columns of the test structures 
consisted of No.2 plain, hot-rolled bars. The average yield point stress on 
the basis of four tests was 49 ksi and the modulus of elasticity was about 
30,000 ksi. The ultimate stress was 67 ksi and the elongation at fracture 
was about 22 percent in 4 in. A typical stress-strain diagram is shown in 
Fig. 24. 
(d) Fabrication of Reinforcement 
All reinforcement used in the two structures was given a surface 
treatment to improve bond., The surface was first cleaned with hydrochloric 
acid, then placed in a fog room for a period of time to rust, and finally 
cleaned to remove loose rust. 
As much of the steel as possible was tied in mats or cages before 
placing it in the form. Special chairs were used to maintain the proper 
J 
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vertical clearances and the steel was securely wired to the forms so that it 
would not be'displaced during casting. Cork blockouts were provided at points 
where strain gages were to be applied to the steel after the concrete bad 
hardened 0 
(e) Casting and Curing of the Concrete 
The time required for placing the concrete in each of the structures 
was approximately five hoUrs. The concrete was carefully placed in the forms 
in small quantities 0 The slab was vibrated with a vibratory screed and the 
columns and beams were vibrated internally as well as by vibrators held on 
the outside of the forms. Three screed strips were provided, dividing the 
structure into four strips. The locations of the screed strips and the 
location of each batch of concrete are shown in Figs. 25 and 26 for the flat 
plate and flat slab, respectively_ The batch numbers correspond to those 
shown in Tables 1 and 2. 
About !'ive hours after the casting was ,completed, the slabs and 
control specimens ~ere covered with wet burlap. The burlap was kept wet for 
seven days, after ~hich time the forms were removed. After removal of the 
forms, the 5t~u~t~e6 and control specimens were painted with Dupont "Traffic 
White" paint. 
(f) Condit:c~ c~ the Structures Before Testing 
Tne s:a: thicy~ess was measured at numerous locations in both 
structures w.:.th a (;~'-veyor1s level. Drawings showing contours of deviation 
from the desired thicy~ess are shown in Figs. 27 and 28 for the flat plate 
and flat slab, respectively. The average deviations were plus 1/16 in. for 
the flat plate and plus 1/32 in. for the flat slab. 
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304 Relationship Betwe~n Prototype and Test Structures 
Questions are often raised concerning the applicability of tests 
on ~?modelH .structures tQ the. full-size structures which they represent 0 
Questions concerning "scale effects tt y that is, the relationships between load, 
moments and stresses in the prototype and model, and whether or not dif-
ferences in the constituent materials affect behavior are legitimate ~uestionso 
The test structures were not Nmodels u in the same sense that a 
bakelite or plexiglass structure is a model of the prototype which it 
represents 0 In the latter case, the model represents the prototype primarily 
in that it has the same relative dimensions. There may be no similarity in 
the behavior of their constituent materialso If that is the case, the degree 
of accuracy with which the model represents the behavior of the prototype is 
certainly open to question 0 However, the test structures described in this 
report were nmodels~ only in that they were scaled down from full-size 
structures 0 The materials used in them had·essentially the same properties 
as those used in full-size reinforced concrete structures. 
The test structures could have been designed directly from the 
provisions of Chapter 10 of the ACI Code, with the exception of the thickness 
limitations of Section 1004(d) and some clearance re~uirementso The limita-
tions given by e~uations (8) and (9) in Section 1004(d) were satisfied in 
the test structures. 
Since the test structures satisfied the re~uirements of the ACI 
Code concerning slenderness, support dimensions, column stiffnesses, and 
arrangement and percentage of reinforcement, and since the materials had 
essentially the same stress-strain properties and the moment-rotation 
characteristics were Similar, the behavior of the test structures may be 
considered representative of the full-size structures they represento 
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Loads per unit area and stresses are identical in the prototype and 
test structures. Therefore, steel stresses and bond stresses in the test 
structure represent the same stresses in the prototype, and a given intensity 
of load in the test structure represents the same intensity of load in the 
prototype. 
40 DESCRIPTION OF TESTS 
401 Introduction 
The tests described in this report consisted essentially of applying 
load to the structure, measuring loads and reactions, and making certain 
measurements of the deformed structure. This chapter is concerned with a 
brief description of how the load was applied, how the load and reactions 
were measured, what measurements of the structure were made y and what pro-
cedure was followed in making a teste Details of the e~uipment and procedures 
used are described in Appendix Ao 
The loading systemy instrumentationy and testing procedures were 
essentially the same for the flat plate and flat slab. Any differences in 
details are noted. 
4.2 Loading System 
The test structures were supported on a reaction frame conSisting 
of 16 concrete piers, one for each column, which were tied together by small 
steel beams. This reaction frame is shown in elevation in Fig. 29 and in the 
photographs in Figse 30 and 31. 
Load was applied to the slab with hydraulic jacks which reacted 
against the main loading frame which was in turn bolted to the laboratory 
floor 0 This loading frame consisted of three parallel steel bents whose 
centerlines coincided with the center lines of the north-south bays of the 
test structures. This frame is shown in elevation in Fig. 29 and in the 
photographs in Figso 30 and 310 
One 20-ton hydraulic jack was located at the center of each panel 
of the nine-panel test structureo The load from each jack was distributed 
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through a system of beams to sixteen 8-ino square pads on each panel to 
simulate a uniform loado This distributing system consisted of two levels 
of H-frames as shown in Figso 30 and 320 All reactions in the :system were 
transmitted through polished steel balls which fitted into recessed socketso 
The main cross beam for the distributing system in each panel 
was provided with four type A7 SR-4 strain gages, two on the top flange and 
two on the bottom flange near midspan of the beamo These strain gages, wired 
to form a "four-arm" bridge, provided a means of measuring the load in each 
panel 0 The beams were calibrated in a hydraulic testing machineo 
403 Reaction Measurements 
Vertical column reactions and north and east components of the 
horizontal column reactions were measured with the tripod reaction dyna-
mometers shown in Figo 330 Each dynamometer was a tripod consisting of a 
base plate, three tubular steel legs, a ball seat, and a polished steel ballo 
Each leg of a dynamometer was provided with strain gages and the 
dynamometers were calibrated by loading in three d~fferent known directionso 
From these calibrations, constants were determined so that for any combina-
tion of measured strains in the three legs the desired components of the 
column reaction could be calculated 0 
Details of construction, instrumentation, and calculation of the 
dynamometer constants for the tripod dynamometers are given in Appendix Bo 
404 Strain Measurements 
Steel strains were measured at numerous locations in the test 
structures. The purpose of measuring steel strains was two-fold; to 
determine the steel stress, and to determine the moment in the slab 0 Steel 
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strains were measured with electrical resistance strain gageso The locations 
of the strain gages were chosen so that complete information could be obtained 
concerning the magnitude and distribution of bending moment at critical 
sections 0 The symmetry about the northwest-southeast diagonal (Figso 12 and 
13) was used to advantage in locating the gageso The northeast half of each 
of the structures was instrumented fully and check gages were placed at key 
locations in the southwest halfo 
In general, gages were placed across panel centerlines and column 
centerlines. Locations of bottom and top gages, respectively, are shown in 
Figs 0 34 and 35 for the flat plate and in Figs 0 37 and 38 for the flat slab 0 
Details of the locations of gages at interior columns are shown in Fig. 36 
for the flat plate and Figo 39 for the flat slabo A total of 294 gages were 
used on the flat plate and 335 on the flat slab 0 In the flat plate, 92 gages 
were on the slab bottom steel, 148 were on the slab top steel, and 54 were on 
the beam steel. In the flat slab, 90 gages were on the slab bottom steel, 
191 were on the slab top steel, and 54 were on the beam steelo 
Type Al2 SR-4 strain gages were used on the slab bottom steel and 
type A'7-4 SR-4 strain gages were used on the slab top steel and beam steelo 
Details of the application of the gages are given in Appendix Ao 
Ten strain gages were applied to the concrete near column 6 of the 
flat slab before the test to failureo They were type A3 SR-4 gages and their 
locations are shown by solid circles in Figo 370 Check gages were also 
provided for the flat slab to determine the direction and magnitude of 
electrical ~rift during the COUIse of a testo 
All strain gages on the slab and dynamometers were connected to a 
switch bank which was in turn connected to a portable strain indicator 0 As 
each switch point was engaged, the strain for that particular gage was read 
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and recorded 0 In the tests on the flat plate, the strain indicator was 
balanced manuallyo For the tests on the flat slab, a device was developed 
for balancing the strain indicator automaticallyo The position of the portable 
strain indicator slide wire was controlled by a servomechanism which sensed 
the amount of meter deflection and drove the slide wire in the proper direction 
to reduce the meter deflection to zeroo The servo-system was a Leeds and 
Northrop Type G Speedomax mechanically coupled to the slide wireo A photograph 
of the flat slab showing the switch bank and reading equipment is shown in 
Figo 400 
All strain readings could be recorded automaticallyo The portable 
strain indicator was connected directly to an analog-to-digital converting 
device (Benson-Lehner Decimal Converter). As each switch point was balanced, 
the strain reading was fed into an IBM card punch and an IBM automatic 
typewriter 0 The data were thereby recorded on IBM punched cards and tabulated 
simultaneously. 
405 Deflection Measurements 
The vertical deflections of the slabs were measured at 33 locations 
with OoOOl-ino dial gageso Figure 41 shows the locations and designations 
of the dial gages, which can also be seen in Figo 310 Gages were located at 
the center of each panel and at the midpoints of all beams and column 
centerlineso The dial gages at the centers of the panels were supported on 
stands which rested on the floor 0 The stands for the gages located at the 
midpoints of beam and column lines were supported on the steel beams of the 
reaction frameo 
In the test to failure on the flat slab, the torsional rotation 
of two corner panel beams, one deep and one shallow, was measuredo Eight 
OoOOl-ino dial gages were installed on the side of each of the two beamso 
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Two dials measured rotation at the center, two at one ~uarter-point and 
two at each end. 
406 Testing Procedure 
Essentially the same procedures were used in testing both the flat 
plate and flat slab. Each test involved the application of load in one or 
more increments and the reading and recording of significant data at each load 
level. 
The maximum magnitude of the load in each test depended on the 
desired behavior of the structure for the particular test. The number and 
magnitude of the load increments applied before reaching ~he maximum load 
depended on the information desired from the test and the previous history of 
loading. 
The initial ntests tt of both structures were merely a matter of 
recording the strains and deflections caused by placing the load distributing 
system on the slab. This initial load consisted of a slab dead load of 22 psf 
and 22 psf for the weight of the load distributing systemo This load of 
44 psf was in place on the slab throughout all of the subsequent tests. The 
additional load applied by the hydraulic jacks is referred to as the 
i9applied load n . The sum of the "applied load" and the 44 psf initial load 
is referred to as the "total load". 
Before load was applied in each test, strain gages and dial gages 
were read. After the zero load readings were taken, the load was slowly 
applied with the hydraulic jacks. During the application of load one of 
the loaded load dynamometers was monitored to determine the magnitude of the 
load be ingapplied, . .:: .Loading was stopped,. when.;tbe. ,de s ired magnitude of load 
was reached and then readings were taken. 
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It was considered impractical in the tests on the flat plate to 
read all of the strain gages in every test because of the time re~uired to 
balance the portable strain indicator manuallyo Conse~uently, in the partial 
loading tests, only those gages in the area of the load were reado However, 
in the tests with all panels loaded, with which this report is concerned, 
all strain gages were read. Because of the improvement in the reading e~uip­
ment for the flat slab, as described in Section 404, it was possible to read 
all of the strain gages in every testo 
The load and reaction dynamometers were read immediately after 
loading was stopped and again before loading was resumed at each load incremento 
The time interval between readings was usually about 30 to 40 minutes. During 
that time the slab strain-gages and the deflection dial gages were read, and 
the structure was inspected for cracks 0 After all reading and recording was 
completed at the maximum load in a test, the load was removed and the strain 
gages and dial gages were read once moreo For the flat plate this constituted 
a complete testo However, in the tests on the flat slab, the structure was 
again loaded to the maximum load in one increment, and a complete set of 
readings was taken again 0 The load was then removed and a final set of zero 
readings was taken. 
407 Chronology of Tests 
Tests on the flat plate and flat slab were made with a number of 
objectives. The over-all program of testing was essentially the same for 
both structureso The first series of tests on each slab was made at loads 
below the estimated cracking load and was intended to check elastic theory 0 
Various patterns of loading were usedo The second series of tests was made 
to study behavior at working loadso Again various patterns of loading were 
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used. Some were intended to study behavior under partial loading and some 
were intended merely to crack the slabs so that cracking would be uniform 
for the next series of tests. The third series of tests on each structure 
was made to study behavior at loads considerably higher than the design loads. 
The final tests were tests to failure in which the strength and mode of 
failure were studied. 
A total of 40 tests were made on the·flat plate and 37 ·on the flat 
slab. Tables 3 and 4 show the chronology of tests for the flat plate and 
flat slab, respectively. The date of each test, the pattern of loading, and 
the nominal load level are shown. 
\ 
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5. TEE BEHAVIOR OF THE TEST STRUCTURES 
501 Introduction 
Behavior of the test structures is discussed in terms of deflections, 
stresses, and cracking. These aspects of behavior are discussed for three 
tests for both structures: the tests at design load, the first tests above 
design load (overload tests), and the tests to failure. In each of these 
tests, all panels were loaded. 
502 Design Load Tests 
(a) Loading 
The design load tests described in this section were the first tests 
in which the structures were loaded to design load. Tests prior to the first 
design load tests were tests at loads below the estimated cracking load. The 
design load tests with all panels loaded were designated test 106 and test 208 
for the flat plate and flat slab, respectively. 
The total uniformly distributed load was 140 psf in test 106 and 
280 psf in test 208. The design loads for the flat plate and flat slab were 
155 psf and 285 psf, respectively_ In both tests, 44 psf dead load was in 
place before the tests began and is included in the total load given above. 
In both tests, the maximum test load was reached in six approximately e~ual 
increments 0 
(b) Deflections 
Representative load-deflection curves for the flat plate and flat 
slab are given in Figs. 42 and 43, respectively. The first five curves in 
each figure are curves far mid-panel deflections. The next two represent 
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deflections at midspan of column strips and the following two deflections 
of spandrel beams. Locations of all of the dial gages J identified by the 
two letters (such as AO), are shown in Figo 410 
The initial part of each curve is nearly linearo The curves for 
the deflection of the slab become definitely non-linear at a load of about 
80 to 100 psfo Curves C4, which represent deflections at the midpoint of 
the deep beams in the flat plate and flat sl.ab appear to be linear throughout 
the tests. 
Schematic diagrams of the maximum deflections at each dial agage 
in tests 106 and 208 are shown in Figs. 44 and 457 respectively 0 The 
deflections shown include dead load deflections 0 The maximum deflections in 
each case occurred at the center of panel A, the corner panel with shallow 
beams on both exterior edges. 
The deflection at the center of panel A in the flat plate was 
0.077 in. at a load of 140 psfy and the deflection at the same location in 
the flat slab at 280 psf was 00235 ino The deflection in the flat slab at 
140 psf was about 0007 ino which is slightly less than the deflection in the 
flat plate. The flat slab should deflect less than the flat plate at the 
same load because it has drop panels, a larger amount of reinforcement and a 
greater value of c/L. 
Maximum deflections at selected locations in the flat plate and 
flat slab are tabulated below. The deflections shown are at the maximum 
loads in the tests and include dead load deflections. 
Flat Plate Flat Slab 
ino ino 
Center of Panel A 00077 00235 
Center of Panel E 00069 0.072 
Center of Panel J 0.061 0.176 
Midspan of Shallow Beam, Panel A 0.028 0.045 
Midspan of Deep Beam, Panel C 0.013 0.021 
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At the center of the interior panel E, the deflection in the flat 
plate at a load of 140 psf was nearly as large as the deflection in the flat 
slab at a load of 280 psf. This is due largely to the smaller stiffness of 
the interior panel of the flat plate. That is, the flat plate had a longer 
span, less reinforcement, and no drop panels. 
In the flat plate, the deflection at the center of panel J, the 
deep-beam corner panel, was less than that at the center of the interior panel. 
This is because the deep beams deflected very little relative to the column 
strips in the interior panel and conse~uently} the mid-panel deflection was 
decreased. 
The deflections in the exterior panels of the flat slab were about 
three times as large as the deflections in the corresponding panels in the 
flat plate. This may be attributed primarily to the fact that the exterior 
columns of the flat slab were much more flexible than those of the flat plate 
and permitted more rotation of the exterior edges. 
( c) Cracking 
In the -iesign load tests, the slabs were examined for cracks at 
each load incre~~~ after the load previously applied had been exceeded. 
Magnifyir~ :e~ses ~ere used in looking for cracks. 
In the ~~at plate, the first crack was observed at the face of 
interior collI~ ,. (Fig. 12) at a total load of 101 psf. The next cracks were 
observed, ago~~ &: the faces of the interior columns, at a load of 118 psfo 
No new cracks were observed on the application of the final load increment. 
The very fine cracks at the interior columns, shown in Fig. 46, were the 
only cracks observed in the first::test .todesignload. 
The -first cracks . observed in the flat slab -were 'at the· exterior -faces 
of the interior column capitals at a total load of 158 psf. At a load of 
\ 
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203 psf, cracks were noted at the edges of the interior drop panelse With 
successive load increments, cracks formed along column lines on the top of 
the slab, beginning at the drop panels and progressing away from the columns. 
At the end of the test, cracking had occurred along column lines from column 
to column in some locations. Figure 47 shows the crack pattern on the top of 
the flat slab at the conclusion of test 208. 
The bottom of the flat slab was cracked fairly extensively in 
test 208. In general, the cracks were parallel to the exterior edge in about 
the middle third of the exterior panels. The load-strain curves for the 
bottom steel indicate that cracking was fairly extensive at a load of 241 psf. 
Cracks in the exterior columns of the flat slab were observed at a 
load of 203 psf. The cracks were located below the capitals and extended 
about 1/4 in. into the co1umnse 
In both structures, cracking was first observed at the interior 
columns where theory would predict the stresses to be greatest. The higher 
apparent c=acking load in the flat slab, 158 psf compared to 101 psf in the 
flat plate, may be due to a number of reasons. First, the slab at the columns 
in the flat slab was thicker than in the flat plate and conse~uently a higher 
momer.t was ~quired to produce cracking, assuming the modulus of rupture to 
be the saoe in both cases. Also, since the flat slab had flared column 
capi~ls and the flat plate did not, the corners of the capitals probably 
deflected wore, thereby relieving stress concentrations to a greater extent. 
Furthe~ore, the modulus of rupture was not necessarily the same in both slabs. 
(d) Steel Stresses 
Steel stresses were computed from measured steel strains using a 
modulus of elastiCity of 30,000 ksi. The residual strains prior to tests 106 
and 208 were small and were neglected. Steel stresses in. the following 
discussion include'dead load stresses which were estimated by projecting the 
load-strain curves back from dead load to zero load 0 
Diagrams showing the variation of stress in the steel across the 
full width of the test structures are shown in Figse 48 to 54 for the flat 
plate and Figso 55 to 61 for the flat slabo Stresses in the design load tests 
are shown by the heavy broken lines in these and subse<1.uent figureso 
The maximum stress in the positive moment steel was about 505 ksi 
in the flat plate and 2500 ksi in the flat slaho The variation of the steel 
stresses on the bottom of the slabs is shown in Figs 0 48 to 50 for the flat 
plate and in Figs 0 55 to 57 for the flat slab 0 Stresses were generally about 
4 to 5 ksi in the flat plate and 16 to 18 ksi in the flat slab 0 The maximum 
steel stress in the flat plate corresponds to a strain of about 00000180 This 
is in the same range as the cracking strain for concreteo The steel stresses 
in the flat plate were low because the slab was uncracked and a large portion 
of the moment was carried by the concrete in tensiono 
The maximum stre'ss in the negative moment steel was about 1208 ksi 
'in the flat plate and 30.0 ksi in the flat slab 0 The variation of steel 
stress at interior column lines is shown in Figs 0 51 and 52 for the flat 
plate and in Figs 0 58 and 59 for the flat slab 0 In the flat plate). the steel 
strains were generally below the cracking strains for concrete in the middle 
s t r i:p 8 and. higher in the column strips 0 This coincides with the observed 
crack pattern. The maximum 'steel stress in the flat slab occurred in the 
middle stripo In three of the six middle strips shown in Figso 58 and 59 
the stresses were as high as in the column stripso This is because for low 
steel percentages, such as in the middle strips, the strain increases much 
more abruptly after cracking than for high steel percentages 0 
The stresses in th,e reinforcing bars anchored in the spandrel beams 
were extremely low, as shown in Figs 0 53 and 54 for the flat plate and in 
J 
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Figso 69 and 61 for the flat slab. The stress was less than 2.0 ksi. In 
the column strips, the maximum stress was about 905 ksi in the flat plate 
and 12.2 ksi in the flat slab. This would indicate that cracks had occurred 
in those locations, though none were observed. 
Representative load-strain curves for tests 106 and 208 are shown 
in Figs. 62 to 64 and 65 to 67, respectively. For the flat slab, the curve 
includes also the strain observed during the reloading to the maximum load 
(Section 306). Load-strain curves are shown for gages in locations which had 
different -magnitudes of stress and steel percentages. Conse~uently, they 
have different shapes. The first portion of all of the load-strain curves 
is nearly linearo For this portion of the curve, the concrete bad not yet 
crackedo As cracking occurred, the curves began bending over. Cracking for 
different locations is indicated at different loads since it would not occur 
in all parts 'of the slab simultaneously. The second portion of the curves 
was also more or less linear and represents the behavior of the cracked 
section. 
503 Overload Tests 
(a) Loading 
The first tests above the design load were tests 131 and 221 for 
the flat plate and flat slab, respectively 0 The maximum loads were 225 psf 
in test 131 (DL + 2LL) and 399 psf in test 221 (nominally DL + 1.5LL). Load 
was applied uniformly on all panels. 
(b) Condition of the Test Structures Before the Overload Tests 
The tests between the first design load tests and the first overload 
tests were tests with various patterns of loading at design load. The patterns 
of loading were chosen to produce maximum moments at critical sections. Since 
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those moments were generally somewhat higher than the moments with all panels 
loaded, some additional cracking occurred. 
The crack pattern on the top of the flat plate after test 130 is 
shown in Fig. 68. Cracking was fairly extensive around the interior columns 
and a few cracks were observed at the exterior columns. No cracks were 
observed adjacent to the spandrel beams. 
Although load-strain curves gave an indication of some cracking on 
the bottom of the flat plate) no cracks were observed 0 
The crack pattern on the top of the flat slab after test 220 is 
shown in Figo 69. Cracking was much more extensive than in the flat plate o 
Cracks extended from column to column in a fairly wide band parallel to column 
lines. No cracks were observed adjacent to spandrel beams. 
A composite photograph of the bottom of the flat slab after test 220 
is shown in Fig. 700 Cracks occurred along the transverse reinforcing bars 
in about the middle third of the span in each panel. In the panels adjacent 
to the deep beams, cracks extended from mid-panel toward the side and corner 
columns. In the panels adjacent to the shallow beams, the cracks extended 
from mid-panel toward the midspan of the beamso The heavy lines in the phote-
graph which follo~ no regular pattern are strain gage leads and not cracks 0 
The deep beams of the flat slab bad flexural cracks at midspan 
extending from 1/2 to 2/3 of the depth'of the beams. Torsional cracks had 
also developed near the supports. 
Tne shallow beams of the flat slab had flexural cracks at midspan 
and at the supportso There were no clearly defined torsional crackse 
The exterior columns of the flat slab had cracks extending about 
halfway through the columns 0 
1 j 
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(c) Deflections 
Representative load-deflection curves for the overload tests of the 
flat plate and flat slab are shown in Figs. 71 and 72J respectively. The 
curves shown are for the same dial gages that were presented for the design 
load tests in Figs. 42 and 430 Only the deflections actually measured in 
the overload tests are shown because of differences in the cumulative residual 
deflections in the two structures prior to the , overload tests. 
All of the load-deflection curves for both structures were linear 
up to about the same load. This load was about 170 psf total load for the 
flat plate and about 285 psf for the flat slab. Those loads represent approxi-
mately the maximum loads previously imposed on the structures. Both of the 
structures had been loaded to those levels in a number of tests and conse-
~uently the structures behaved nearly elastically up to those loads. As soon 
as the load in the overload tests exceeded the previous maximum loads, most 
of the load-deflection curves became non-linear, as they were in the first 
design load tests. This nonlinearity was caused by further cracking which 
further reduced the stiffness of the structures. 
Schematic diagrams of the maximum deflections at each dial gage in 
tests 131 and 221 are shown in Figs. 73 and 74, respectively. The deflections 
at the center of panel A, where the maximum deflections in the slabs occurred, 
were 00166 and 0.305 in. in the flat plate and flat slab, respectively. 
Maximum deflections at selected locations in the two slabs are tabulated 
below. The deflections shown are the increases in deflection measured during 
the overload tests and do not include the dead load or residual deflections. 
Flat Plate Flat Slab 
in. in. 
Center of Panel A 00166 0·305 
Center of Panel E 00103 0.113 
Center of Panel J 0.109 0.261 
Midspan of Shallow Beam, Panel A 00052 0.120 
Midspan of Deep Beam, Panel C 0.019 0.029 
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The deflections in the exterior panels of the flat slab were on the order 
of two times as great as those in the corresponding panels of the flat plate 
in the overload tests although the load was somewhat less than twice as large. 
The deflection at the center of panel E in the flat slab was only slightly 
larger than that at the center of panel E in the flat plate, as was the case 
in the design load tests. 
Cd) Cracking 
In test 131, cracks were observed for the first time on the bottom 
of the flat plate and some further cracking occurred on top. The crack pattern 
on top of the flat plate after test 131 is shown in Fig. 750 Cracks which 
occurred in test 131 are shown by heavy lines. New cracks developed between 
columns in the middle strips and near the columns. No cracks were observed 
adjacent to the spandrel beams. 
Figure 76 shows the crack pattern on the bottom of the flat plate 
in test 131. The first cracks were observed at a load of 175 psf. Additional 
cracking was also observed in each of the last two load increments. Cracks 
were in general parallel to the exterior edges in the exterior panels and 
were slightly outside the panel centerlines. Only two cracks were observed 
on the bottom of the interior panel. 
No torsional cracks were observed in the beams and no cracks were 
observed in the columns of the flat plate in test 131. 
The pattern of cracks on the top of the flat slab at the conclusion 
of test 221 is shown in Fig. 77. The cracks which were observed during 
test 221 are indicated by heavy lines. There was little new cracking on top 
of the slab in test 221. What little there was occurred primarily in middle 
strips between columns and at corner column 1. Again, no cracks were observed 
adjacent to the spandrel beams. 
· I 
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The crack pattern on the bottom of the flat slab at the conclusion 
of test 221 is shown in the composite photograph in Fig. 780 The light gray 
lines indicate the cracks which were observed during test 2210 The general 
crack pattern was essentially unaltered from previous tests. In the panels 
adjacent to the shallow beams cracks developed 2 or 3 inc closer to the beams, 
parallel to the beamsj and perpendicular to the beams in the middle third of 
the spano In the deep beam panels, further cracking developed parallel to 
the beams and from mid-panel toward the exterior columns. 
Further flexural and torsional cracking occurred in the deep beams 
in test 2210 The flexural cracks at midspan extended up to the bottom of 
the slab 0 In the shallow beams y further flexural cracking occurred but no 
clearly defined torsional cracks were observed 0 
The exterior columns showed definite signs of distress in test 2210 
Cracks penetrated about three-fourths of the way through the columns. The 
widths of these cracks were as much as 0002 in. 
The general patterns of cracking in the flat plate and the flat 
slab were very similar. Cracking was more extensive in the flat slab because 
the load was about 175 psf higher although the effective spans were shorter. 
The torsional and flexural cracking of the beams and cracking of the columns 
were more pronounced in the flat slab than in the flat plate primarily because 
the load was much higher in the flat slab. Not only was this true in the 
overload tests, but the load in the design load test on the flat slab was 
55 psf higher than in the overload test on the With regard to 
the columns, the cracks which developed in the columns during the design load 
test on the flat slab were so prominent they could not be overlooked. The 
concrete stress at the exterior face of the exterior columns of the flat plate 
was calculated using the measure horizontal and vertical column reactionso 
-44-
The computed stress was about 400 psi tension, which is in the same range as 
the modulus of rupture 0 
(e) Steel Stresses 
Diagrams showing the variation of stress in the steel across the 
full width of the test structures are shown in Figs. 48 to 54 for the flat 
plate and Figs. 55 to 61 for the flat slab. Stresses in the overload tests 
are shown by the heavy solid lines in these and subsequent figures. Dead load 
and residual stresses are included in the stresses shown~ 
The variation of steel stresses in the bottom steel of the flat 
plate and flat slab is shown in Figs. 48 to 50 and 55 to 57, respectively. 
The maximum stress in the positive moment steel was about 27.0 ksi in the 
flat plate. The yield stress had been reached at three locations in the posi-
tive moment steel in the flat slab. Stresses were generally about 15 to 
18 ksi in the exterior strips of the flat plate and about 6 ksi in the interior 
strip. Stresses in the flat slab were generally above 30 ksi in strip ABC, 
and 25 ksi in strip CFJ. In the interior strip the stresses were very non-
uniform, ranging from 6.5 ksi in the center of the interior panel to over 
35 ksi in the center of panel D. In both slabs, there was an abrupt reduction 
in stress near the edge beams. 
The maximum stress at the interior column lines in the flat plate 
was about 31 ksi whereas yielding had occurred at a number of locations at 
the interior column lines of the flat slab. Diagrams of the variation of 
stress at the interior column lines are shown in Figs. 51 and 52) and 58 and 
59 for the flat plate and flat slab, respectively. Stresses were generally 
highest at the faces of interior columns in the flat plate and were in some 
instances still very low in the middle strips. Stresses were fairly uniformly 
high at the interior column lines of the flat slab. The only places where 
J 
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stresses were relatively low were at the side of the capitals where the 
stress is theoretically zero. 
The variation of steel stress at the exterior edges is shown in 
Figs " 53 and 54 for the flat plate and. in Figs. 60 and 61 for the flat slab. 
The stresses were quite low in the middle strips on both slabs, being 
generally less than 2 ksi. The stresses increased abruptly at the side 
columns, reaching a maximum of 34.5 ksi in the flat plate and 25.5 ksi in the 
flat slab. 
Representative load-strain curves for the overload tests are shown 
for the flat plate in Figs. 79 and 80 and for the flat slab in Figs. 81 to 
830 The load-strain curves are linear up to the previous maximum load. From 
that point they have a continually decreasing slope as further cracking 
occurred. 
(f) Summary of Behavior in the Overload Tests 
The maximum load on the flat plate in the overload test was 225 psf 
(DL + 2LL). ht that load, the over-all behavior of the structure was 
satisfacto~J'. Although the slab was cracked extensively, the cracks had not 
opened uF ~_o 8.:-,:; great extent. The structure was still in good condition 
wi th no :'n;i;. C!l·~;' 0:1 of severe distress. The steel stresses did not indicate 
yielding a;.. ar.:; point in the flat plate. However, at the stage of loading 
reached in ~r.:..r t-est, the concrete was still carrying a large percentage of 
the mornen~ ;y :ension, and consequently the steel stresses were lower than the 
straight-line fo~ would predict. The short-time deflection at the center 
of the interio~ panel was 0.103 in., which is approximately L/570. 
The maximum load on the flat slab in the overload test was 399 psf 
(nominally DL + 1.5LL). The over-all behavior of the structure at that load 
was not satisfactory. There were localized conditions of distress and some 
-46-
local yielding of the steel. Although the structure was extensively cracked, 
there were no very wide cracks. The short-time deflection at the center of 
the interior panel was 0.113 in., which is L/530. 
5.4 Tests to Failure 
(a) Loading 
The tests to failure in the flat plate and flat slab were designated 
as tests 138 and 234, respectively. After the load applied in the overload 
tests was reached in these tests, the load was increased in small increments 
until failure. The maximum total load reached was 360 psf in the flat plate 
and 551 psf in the flat slab. 
(b) Condition of the Slabs before the Tests to Failure 
The tests between the first overload tests and the tests to failure 
were tests with various patterns of loading at the overload level. The 
loading patterns were chosen to produce maximum moments at critical sections 
and further cracking occurred during these tests. 
The crack pattern on the top of the flat plate after test 137 is 
shown in Fig. 84. Loading for maximum negative moment had produced more 
cracks at the interior columns and between columns than those shown in Fig. 75. 
The crack pattern on the bottom of the flat plate prior to test 138 
is shown in Fig. 85. Loading of individual strips bad produced more extensive 
cracks in the exterior strips and cracks had been observed in both directions 
in the interior panel. tracks which were observed before the strip loadings 
are shown in Fig. 76). 
The crack pattern on the top of the flat slab after test 233 is 
shown in Fig. 86. Strip loadings had produced cracking beyond the ends of 
of the top steel in the middle strips. The over-all pattern of cracks was the 
same as in test 221.' 
J 
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The crack pattern on the bottom of the flat slab prior to test 234 
was essentially the same as that shown in Fig. 78 for test 221. The cracks 
were longer, wider, and more numerous than in test 221, but the pattern was 
essentially the same. 
The deep beams of the flat slab bad extensive flexural and torsional 
cracking. The shallow beams. had extensive flexural cracking but no clearly 
defined torsional cracks. 
Because of the "shake-down- conditions imposed by previous repeated 
strip loadings, the side columns of the flat slab were cracked so badly that 
it was considered necessary to provide external "prestressing" for them before 
the test to failure. Cracks in these columns extended from the exterior face 
of the columns to within about 1/4 in. of the interior face. Local crushing 
had occurred at the bottom of the capitals. 
Wood blacks were tightly bound with steel bands to the side columns 
below the capitals in an effort to confine the concrete. In addition, a 
10 kip vertical force was applied to the exterior edge of the side columns by 
means of clamps. The clamps consisted of two steel plates, one at each end 
of a l-in. round bar threaded at both ends. The plates fit on the top and 
bottom of the column with the rod between them on the outside of the column. 
Tension was applied to the rod by turning one of the nuts. The elongation 
of the rod, and thus the force in the rod, was measured by a 10-in. Whittemore 
strain gage. The eccentricity of the force was about 1-1/4 in. 
(c) Behavior of the Flat Plate in Test 138 
DJring the test to failure, the maximQm load applied to the flat 
plate in the overload tests was reached in the first three increments. Beyond 
that P?int the load was applied in smaller increments. Successive load 
increments produced no marked change in the over-all crack pattern on the top 
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or bottom of the slab. The only obvious signs of distress was the widening 
of previous cracks and the development of pronounced torsional cracks in the 
beams. In the shallow beams, the torsional cracks developed from flexural 
cracks near the columns. However, in the deep beams torsional cracks were 
in some instances first observed at mid-height of the beams. 
At a load of 310 psf, the maximum crack widths measured were: 
Bottom of slab 
Top.of interior column 
Top of exterior column 
0.020 in. 
0.015 in. 
0.025 in. 
Although the beam torsional cracks were plainly visible at this load, there 
was no evidence of yielding in torsion. 
After all measurements were taken at a load of 310 psf, the load 
was again slowly increased. The load reached 360 psf and while it was main-
tained at that level, a punching failure occurred at interior column 7. As 
soon as the punching failure occurred, the pressure in the hydraulic jacks 
was relieved and the load decreased to about 285 psf. 
The pattern of cracks on the top of the flat plate after test 138 
is shown in F:.g. ("- Cracks which were observed for the first time in test 
138 are sho.'n by hellvy solid lines and the very vlide cracks which indicated 
that the steel :-.a::: y.:.e:ded are shown by cross-hatched lines. The "yield lines" 
extended be:''w''.?e:: ·~he ':"r.terior and side columns, across the face of the side 
columns, and ~r. U:-. :l;proximately 45-degree line at the corner columns. The 
circumferent.:.a: cruck around column 7 shows the boundary at the top of the 
slab of the crack which initiated the punching failure. 
The pattern of cracks on the bottom of the flat plate after 
test 138 is shown in Fig. 88. New cracks and yield lines are indicated as 
in Fig. 87. Yield lines were parallel to the beams in the exterior panels. 
! 
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They did not extend all the way to the beams in the corner panels) but instead 
extended from the center of the corner panels toward the corner columns. The 
cracks on the bottom of the slab after failure were as wide as 0.05 in. in 
some locations. 
Representative torsional cracks in the edge beams are shown in the 
photographs in Fig. 89. The cracks marked 38 occurred in test 1380 Cracks 
marked 39 or 40 occurred in subse~uent tests on parts of the structure left 
intact after the punching failure at column 70 The severe splitting seen at 
columns 13 and 15 did not occur in test 138. 
(d) Behavior of the Flat Slab in Test 234 
During the test to failure) the maximum load applied on the flat slab 
in the overload tests was reached in the first two increments. In the next 
two load increments) du~ing which the load was increased to 472 psf, the only 
noticeable change in the structure consisted in the widening of previously 
existing cracks. 
After the fifth load increment) 519 psf) torsional distress at the 
beam-colunn intersections became ~uite pronounced. The greatest amount of 
damage was along the south edge of the structureo At the corner columns the 
deep beams had begun twisting out of the columns. The amount of separation 
or fault:ng was as much as 0.05-in. This can be seen in Fig. 90a. In 
addition, torsional cracks in the beams at columns 14 and 15 had widened to 
0.02 in. (Fig. 90e). The deep beam on the east side of the structure showed 
much less damage. The only severe damage to the shallow beams was at column 1. 
At that location) a combined torsional-flexural crack across the column face 
on top of the beam and down the side of the beam opened up to about 0.05 in. 
The largest cracks on top of the slab at the interior columns were 0.01 in. 
wide and occurred at the face of the drop panels. 
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After the application of the sixth increment of load, 543 psf, the 
top exterior edge of column 14 sheared off under the prestressing clampo This 
seemed to have no detrimental effect on the ability of the column to continue 
carrying load. 
The maximum load during the test, 551 psf, was reached at the 
seventh increment. The application of this increment resulted in the failure 
of the south strip of the structure which included panels G, Hand J. A very 
wide crack developed on the top of the slab at the south edge of the capitals 
of columns 10 and 11 extending from midway between columns 9 and 10 to midway 
between columns 11 and 12 (Fig. 91)0 The wide crack on the bottom in the 
south strip extended across panels G. H. and J and toward corner column 16. 
At the exterior side of the strip, the deep beams twisted out of corner 
columns 13 and 16, and columns 14 and 15 failed, the failure being marked by 
very large rotations taking place at the bottom of the capital. The separation 
due to twisting of the beams at column 13 is shown in Fig. 90a. The condition 
of column 14 after failure is shown in Fig. 90b. 
The drop panels at the interior columns in the south strip were 
also severely damaged. The portion of the drop panels extending below the 
slab split away from the slab proper as far back as the capitals. ,Pieces of 
the drop panel could easily be removed by hand. The corners of the capitals 
were also split in some instances. Columns 10 and 11 are shown in Figs. 90c 
and 9Od. The cracks in the columns occurred in a later test of the interior 
panel. 
The crack pattern on the top of the slab after test 234 is shown 
in Fig. 91. The very wide cracks are shown by the h~avy, cross-hatched lineso 
New cracks during test 234 are' shown by the heavy solid ,lines. The region 
of crushing on the top of the slab in the center of strip GRJ is shown by 
I 
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a series of crosseso A composite photograph showing the location of cracks 
on the bottom of the slab is shown in Fig. 92. Again) the very wide cracks 
are marked by cross-hatching. 
Very wide cracks occurred on the bottom of the slab near the middle 
of the other three exterior strips) as well as in the south strip. Short 
lengths of very wide cracks had also developed on top of the slab near 
columns 6 and 7. 
When the south strip failed) the load could not be maintained at 
the maximum level of 551 psf. An attempt was made to apply another increment 
of load to the structure but the load could not be increased above about 
540 psf. The slab continued to deflect as the load was maintained at that 
level. 
(e) Deflections 
Representative load-deflection curves for the tests to failure on 
the flat plate and flat slab are shown in Figs. 93 and 94) respectively. 
Plotted deflections do not include residual deflections accumulated prior 
to these tests and the dead load deflections. 
The first five curves for test 138 are for deflections at panel 
centers. The last two curves are for midspan deflections of a s°hallow and 
deep beamj respectively 0 In the figure for test 234) the first three curves 
are for mid-panel deflections) the next two are for midpoints between columns) 
and the last two are for the midspans of shallow and deep beams) respectively. 
The locations of all dial gages are shown in Figo 41. 
All of the load-deflection curves are linear up to the maximum 
loads imposed on the slabs prior to the tests to failure. Beyond that load) 
deflections increased greatly with each succeeding small increment of load. 
Curves AO) DO) EO) GO) and JO for the flat plate have a very shallow slope 
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at the maximum load. The first five curves for the flat slab are all nearly 
horizontal at the maximum load and show an increase in deflection for a 
smaller load in the eighth increment. The load-deflection curves for the 
beams in both structures were still fairly steep at the maximum loads and 
gave no indication of the rapidly increasing deflections'which precede 
failure. 
Schematic diagrams of the maximum deflections at each dial gage in 
the tests to failure are shown in Figs. 95 and 96 for the flat plate and flat 
slab) respectively. In some instances) the limit of the dial gage was 
exceeded before it could be reset and) therefore) the deflections shown were 
measured approxima..tely with a 6-in.: scale. 
The deflections for the flat plate in Fig. 95 are for an applied 
load of 266 psf. This was the last increment before the failure load was 
applied. ht failure some deflections were so large that the dial gages 
jammed against the slab and no readings could be obtained. The maximum 
deflectio~ indicated by the dial gages was 0.48 in. at the center of panel F. 
Except for the three deflections at the centerline of panel F) the deflections 
were fai:-ly syrr.etrical about the line of symmetry. 
7he deflections for the flat slab in Fig. 96 are for the.last 
increment of load which was applied to the structure. Again) deflections were 
fairly s~trical with the exception of those in strip CFJ where the failure 
mechanisrr. developed. The maximum deflection was in excess of 1.34 in. at the 
center of panel J. Deflections at failure in the flat slab were somewhat 
less than twice as great as those in the flat plate. Deflections at selected 
locations in the two structures are tabulated below. They do not include 
dead load deflections or cumulative residual deflections. 
I 
.J 
Center of Panel A 
Center of Panel E 
Center of. Panel J 
Midspan of Shallow Beam 
Midspan of Deep Beam 
(f) Steel'Stresses 
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Flat Plate 
in. 
0·37 
0.28 
0.42 
0.09 
0.02 
Flat Slab' 
in. 
0.66 
0.46 
1·34 
0.24 
0.03 
The steel stresses at critical sections at each load increment in 
the tests to failure are shown in Figs. 97 to 103 for the flat plate and 
Figs. 104 to 110 for the flat slab. The maximum stresses during these tests 
are also shown by the double lines on Figs. 48 to 61 in which the stresses 
in the design load and overload tests are shown. 
The steel stresses in the positive moment steel at the center of 
each strip of the flat plate during test 138 are shown in Figs. 97 to 99. 
Yielding had extended from center to center of the corner panels in strips 
ABC andCFJ'in load increment 8 (360 psf). The steel stresses diminished 
very abruptly near the deep beams and less abruptly near the shallow beams. 
In strip ABC) first yielding occurred at a load of 297 psf in the middle strip 
of panel B. With the application of the next load increment) 310 psf) 
yielding spread across both column strips and the middle strip of panel B. 
In the strip CFJ) first yielding occurred at a load of 283 psf in the middle 
strip of panel F. With succeeding load increments) yielding spread in much 
the same way as in strip ABC. In the interior strip) the only yielding was 
in the column strips (Fig. 98) and this did not occur until the final load 
increment. Stresses indicated by the strain gages adjacent to the deep 
beams in all three strips increased very little) if any) throughout the test. 
The steel stresses at the interior column lines of the flat plate 
in test 138 are shown in Figs. 100 and 101. At column line 5-8 the top steel 
I 
I 
~ 
-54-
had yielded from the deep beam across panels C and B into panel A. First 
yielding occurred at a load of 283 psf. At that load, yielding extended 
across the middle strip between columns 6 and 7. At column line 3-15, yielding 
at maximum load had occurred near the deep beam, in the middle strip between 
columns 7 and 11 and across the exterior face of column 7. The load-strain 
plot for gage E33 at the center of the middle strip between columns 7 and 11 
shows that the low stress indicated at gage E33 is in error. The lowest 
stresses are next to the shallow beam, as was the case in column line 5-8. 
The steel stresses at the exterior edges of the flat plate in test 
138 are shown in Figs. 102 and 103. Yielding occurred only at the face of 
the side columns and adjacent to the deep beam. Stresses midway between 
columns were in every instance very low. In general, they did not exceed 
3 ksi. 
The yield stresse~ as indicated on the above figures agree very 
well with the locations of the very wide cracks shown in Figs. 87 and 88 
on the flat plate. 
The positive moment steel stresses in the flat slab during test 234 
are shown in Figs. 104 to 106. In strip ABC, yielding extended across the 
entire strip except near the beams. Yielding occurred in the column strip 
of panel A on the first load increment and developed further with each 
successive load increment. Yielding occurred at only two locations in the 
center strip of three panels, a~ or near the column strips. The pattern of 
yielding in strip CFJ was much the same as in strip ABC except that yielding 
did not occur at two gages in panel Fo 
Steel stresses at the interior column lines of the flat slab are 
shown in Figs. 107 and 108. Yielding had occurred across the entire width 
of the structure at column line 5-8 by the fifth load increment, 519 psf. At 
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column line 3-15, yield stresses were developed from columns 7 to 15, with 
the exception of one gage, but not between columns 3 and 7. 
Steel stresses at the exterior column lines in test 234 are shown 
in Figs. 109 and 110. Yielding occurred only at the face of the capital of 
column 12, although stresses in all column strips were high. Steel stresses 
at the face of the beams, midway between columns, were very low, as they were 
in the flat plate. These stresses were generally in the range of 2 to 3 ksi. 
Representative load-strain curves for the flat plate and flat slab 
in the tests to failure are shown in Figs. 111 and 112, and 113 to 118, 
respectively. As would be expected, the curves are generally linear up to 
the maximum load applied to the structures prior to the tests to failure. 
Beyond that load, strains generally increase rapidly with small increases in 
load. 
5. 5 S-L1l11IIJ8.ry of Behavior 
(a) Design Load Tests 
The behavior of the flat plate and flat slab was ~uite different 
in the design load tests on the two structures. This can be attributed 
primarily to the fact that the design load for the flat slab was nearly twice 
as large as that for the flat plate, rather than to differences in the 
structures. 
In the flat plate, steel stresses were very low, less than 5 kSi, 
on the bottom of the slab and at the exterior edges, and the concrete was for 
the most part uncracked in those regions. Steel stresses at the interior 
column lines of the flat plate did not exceed 15 ksi and cracking was confined 
to a small area around the interior columns. In contrast to this, steel 
stresses in the flat slab approached the design stress of 20 ksi in many areas 
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and in some places the design stress was exceeded. Cracking in the flat 
slab at design load was extensive on both the top and bottom of the slab. 
Stresses in the middle strips of the exterior colunm lines were very low in 
both structures. 
(b) Overload Tests 
The overload on the flat slab was about 400 psf as compared to 
225 psf on the flat plate. 
In the flat plate, stresses were generally below 20 ksi in the 
overload test. At the exterior edges stresses were near the design stress 
only at the side columns and at one column the stress approached 30 ksi. At 
the interior column lines, the steel stresses were on the order of 25-30 ksi 
at the columns and around 20 ksi or much lower between columns. Cracking was 
fairly extensive but there was no obvious indication of distress. 
In the flat slab, local yielding had occurred and stresses were 
generally well above the design stress, except at the exterior edges. Cracking 
was very extensive and there were indications of distress at the exterior 
columns and of torsional distress in the deep beams. 
It has been mentioned previously that the columns in the flat plate 
were stiffer and had much more steel than those in the flat slab. Conse~uently, 
it is to be expected that cracking of the flat slab columns would be more 
severe, particularly since the load was much higher. 
The beams in the flat slab were provided with about twice as much 
steel for stirrups as those in the flat plate. However, in both structures, 
torsional stresses were not considered in designing the stirrups. Consequently, 
beams in both structures were very much under-reinforced so far as torsional 
resistance is concerned. The fact that torsional cracks were much more prom-
inent in the flat slab can again ·be attributed to the fact that the load was 
much higher. 
I 
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(c) Tests to Failure 
The modes of failure for the flat plate and flat slab were ~uite 
different. The strength of the flat plate was limited by the ability of 
the slab to resist a punching failure. The strength of the flat slab was 
limited primarily by flexural capacity. 
It is difficult to estimate what the strength of the flat plate 
would have been if a punching failure had not occurred. Yie~d lines were 
fully developed at the center of the exterior panels and across column 
line 5-8. However) in order for a mechanism to develop) yielding of some sort 
would have had to occur at the exterior edge. From the distribution of steel 
stresses at the exterior edge) it seems unlikely that a yield line would have 
developed across the face of the spandrel beam. Furthermore, there was no 
evidence that yielding of the beams in torsion or yielding of the columns 
in flexure was imminent. Therefore) it must be assumed that the strength of 
the slab in :le~~e was somewhat higher than the actual failure load. This 
problem is discussed ~uantitatively in Chapter 10. 
~he failure mechanism in the flat slab consisted of yield lines at 
column :"inc;:'-:'=:: and the middle of strip CFJ) as well as failure of the side 
col~"1s ir. ::e;c.Je and torsional failure of the beams at the corner colunms. 
Since fa:l~e c: the beams in torsion at columns 14 and 15) which failed in 
flexure, u;;{:u.!'"ci to be imminent) it appears that the failure of the side 
colum:ls C:i.d :1:): necessarily produce a premature m~chanism. 
':'"!1e -:,ests to failure on both structures showed that in order for 
yield lines to develop at the face of the spandrel beams, the beams must be 
designed to develop a torsional strength e~ual to the flexural capacity of 
the slab at the face of the beam. If this torsional strength is not provided, 
the flexural capacity of the slab will not be reached and the strength will be 
less than predicted by a yield line analysis. 
60 RELATIONSHIP BETWEEN BENDING MOMENT 
AND MEASURED STEEL STRAIN 
601 Introduction 
Most of the remainder of this report is devoted to a description 
of moments in the flat plate and flat slab which are computed from measured 
steel strains. The basis for computing moments from measured steel strains 
is described in this chapter 0 
In a reinforced concrete section subjected to flexure, moment 
resistance is provided by the concrete in compression, and by the concrete 
and steel in tension. The proportion of the moment resisted by the concrete 
and steel in tension is a function of the degree to which the section is 
cracked and the amount of steel. The straight-line formula assumes that 
only the steel resists moment in tensiono Conse~uently, for a given steel 
strain, the actual moment in a section is higher than the straight line 
formula would predicto In rectangular sections, the amount of this dis-
crepancy increases as the steel percentage is decreasedo In slabs, this 
discrepancy can be very large because steel percentages are generally very 
low~ 
Since the success of this investigation depended upon being able 
to calculate bending moments from measured steel strains, it was necessary 
to establish a relationship between bending moment and steel straino Very 
little ~uantitative information was available on this subjecto Wo A. Slater 
had analyzed tests on 84 reinforced concrete beams and developed ~uantitative 
moment-strain relationshipso However, the results of his analyses were not 
directly applicable to this investigation 0 The lower ranges of steel 
percentages reported by Slater corresponded to the upper range of steel 
-58-
I 
I 
.....J 
-59-
percentages used in the floor slabs and extrapolation was not considered 
to be justified. Furthermore, Slater found that the moment-strain relation-
ship before cracking was very sensitive to the type of concrete and aggregate. 
Therefore, it was considered improbable that the small aggregate concrete 
used in the test slabs would behave in the same way as that in the beam tests 
which Slater reported. Consequently, tests were made in a number of beams 
which simulated the materials and dimensions of the test structures in order 
to establish moment-strain relationships which would be applicable. 
Twelve beams were tested by F. J. Mila and the results were reported 
in Ref. 17. Eo J. Strougal tested 24 beams in order to study the specific 
problem of the behavior after the section is cracked, unloaded, and then 
reloaded. The procedures for computing moment from measured steel strain 
are based on the results of the above tests. 
6.2 Moment-Strain Diagrams 
The moment-strain relationships for the range of steel percentages 
used in the test structures can be represented approximately by the idealized 
diagram shown in Fig. 1190 The moment-strain relationship is represented by 
two straight lines. The first straight line portion of the d~agram joins 
the origin to a point whose coordinates represent the cracking moment of the 
section and the strain in the steel when the cracking strain is reached in 
the bottom fiber of the section. The second straight line joins the first 
line and a point whose coordinates are the yield moment of the section and 
the yield strain of the steel. 
6.3 Assumptions Used in the Analysis of the Test Data 
The assumptions used in obtaining the moment-strain curves described 
above are discussed in this section. The point on the moment-strain curve 
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representing cracking, and the moments computed from strains before cracking 
are ~uite sensitive to the assumptions concerning the modulus of rupture and 
cracking strain of the concrete 0 
Cracking moments were computed on the basis of transformed sectiono 
This gave better results than gross sections for the range of steel per-
centages in the flat plateo 
The cracking strain at the extreme fiber in tension was assumed to 
be 0800150 Examination of the load-strain curves for both slabs shows this 
to be a fairly good assumption 0 
The values of the modulus of rupture determined in the beam tes'ts 
by Mila and Strougal were used as guides in assuming values for the test 
structures. However, values of the modulus of rupture from the beam tests, 
calculated on the basis of a transformed section, varied from 260 - 350 psi 
in Milavs tests and from 280 - 500 psi in StrougalOs testso There was no 
reason to believe that the modulus of rupture in the slabs would be the same 
as the average modulus for the beams, although a value in that range would be 
reasonable. Fur:hermore, the modulus of ru.pture would undoubtedly vary from 
place to place :n each slab and also from slab to slabo 
5ec8~5e c[ the difficulties in determining the exact value of the 
modulus of ~;:'~-e In the slabs in relation to the beam tests, another basis 
for select:.:-.g a ·co:-rect" value bad to be adopted 0 The static moment in the 
interior pane: co~d be computed with satisfactory accuracyo The criterion 
used was the: :~ assumed modulus of rupture had to yield a moment-strain 
curve which would give the static moment from measured strains in the 
interior panel for all ranges of straino The values of the modulus of 
rupture which were finally used were 310 psf for the flat plate and 360 psf 
for the flat slab 0 
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All moments were computed on the basis of total load. Dead load 
strains for each gage were estimated by projecting the load-strain curves 
back from dead load (no applied load) to zero load. 
7 0 MOMENTS ACROSS THE FULL WIDTH OF 
THE TEST STRUCTURES 
7.1 Introduction 
Moments in the flat plate and flat slab test structures were 
computed from measured steel strains and from measured column reactions. The 
column reactions were measured specifically to provide a means of checking 
the moments determined from strains, as well as the magnitude of the applied 
load. The measured column reactions could be used to compute moments only 
across the entire width of the structures. Consequently, this was the basis 
of comparison between moments computed from strains and reactions. 
Moments computed from reactions and from strains are compared for 
both the flat plate and the flat slab. Comparisons are also made between 
the measured moments in the flat plate and flat slab, and between the 
measured moments in the flat plate and theoretical moments determined from 
two elastic analyses of slabs dimensionally similar to the flat plate test 
structure, one with edge beams and one without edge beams. 
Moments were computed at each of the nine sections shown in Fig. 120. 
Moments normal to the edge beams were computed at a line along the face of the 
spandrel beams between columns and across the column faces. Moments at 
interior column lines were determined at column centerlines between columns 
and across the face of the column on both the exterior and interior side of 
the column line. Positive moments were determined at the centerline of each 
strip. 
In computing moments from measured column reactions, two different 
assumptions were made concerning the distribution of shear at the columns 0 
In one case, the shear was assumed to be uniformly distributed around the 
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perimeter of the columns; and in the other case, the shear was assumed to be 
concentrated at the corners of the columns. At the exterior columns, the shear 
in the beams was co~uted from measured steel strains (See Appendix C). The 
difference between the beam shear and the measured column reactions was assumed 
to be distributed on the column face according to the two different assumptions 
described above. 
Moments were computed from measured steel strains using the moment-
strain relationships described in Chapter 6. 
7.2 Determination of Column Reactions 
Before discussing the moments computed from reactions, possible 
sources of error in the reactions and the effect which small variations in 
the reactions have on moments should be mentioned. 
The strain indicator used in measuring steel strains in the test 
structures had a sensitivity of about 5 x 10-6 strain. With this degree of 
sensitivity, the vertical column reactions could be determined within plus 
or minus 30 Ib, and the horizontal reactions within plus or minus 20 lb. At 
design load in the flat slab, these tolerances were" about 1.5 percent for the 
vertical column reactions at the exterior column lines and less than 0.5 per-
cent at the interior column lines. For horizontal column reactions, they 
could be as high as ten percent at the interior column lines but only about 
three percent at the exterior column lines. For the flat plate, in which 
the design load was about half that in the flat slab, these relative 
tolerances would be nearly doubled. 
Additional error could be introduced in the measured column 
reactions by electrical drift. Since the drift in any one dynamometer would 
be in the same direction and of about the same magnitude in each leg, the 
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change in the horizontal reaction can be considered negligible (see 
Appendix B)o However, the error introduced in the vertical reaction of each 
dynamometer due to electrical drift would be about 60 lb for a drift of 
10 x 10-6indicated strain. Check gages for estimating electrical drift were 
not used in the flat plate. However, in tests on the flat slaby the check 
gages indicated a drift of about 10 x 10-6 strain. The drift in the dyna-
, ' , -6 
mometer gages was probably less than 10 x 10 since they were more stable 
than the check gages. Consequently, the error above may be considered to be 
an upper limit for error due to electrical drift. Since the magnitude of the 
drift in the dynamometer gages was undetermined, no attempt was made to correct 
the measured column reactions for errors from this source. 
The computed mome'nts acr'oss interior sections of the structures were 
very sensitive to small var"iations in the magnitude of the exterior column 
reactions. The long moment arm of those reactions caused any error to be 
greatly magnified. Therefore, it was essential to eliminate as much error 
as possible from those reactions. 
If the structures were perfectly homogeneous and geometrically 
symmetrical, an:l if the loading were perfectly symmetrical, any nonsymmetry 
in the reactions could be attributed to the errors noted above. However, 
these coni~tions ~ere not realized in the test structures because there were 
snail dioensional variations as well as variations in the concrete in various 
parts of the structures. Furthermore, there were small variations in load 
from panel to panel. Because these variations in the structures and loading 
produced a nonsymmetry in the reactions of perhaps the same magnitude as that 
due to instrumental error, it was not possible to determine the magnitude of 
the instrumental error. 
In order to eliminate errors in the measured column reactions as 
much as pOSSible, the following assumptions were made concerning the applied 
J 
J 
I 
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load, the structures, and the reactions. (1) The loading was assumed to be 
uniform over the whole structure. The maximum variation of the measured 
load per strip of three panels from the average load was about 5 percent in 
the flat plate and.about 2 percent in the flat slab in the design load tests. 
(2) The structures were assumed to be symmetrical about the diagonal· joining 
columns 1 and 16. Thus, the reactions could be assumed to be symmetrical 
about the diagonal of symmetry of the two structures. 
Adjustments in the measured column reactions were made on the 
following basis. The individual reactions were plotted against the load as 
determined from the load and reaction dynomometers. Any values which were 
obviously inconsistent were corrected. Reactions which should have been 
equal because of symmetry were averaged numerically. Final adjustments were 
made to satisfy the requirements of static equilibrium. The table below shows 
the order of magnitude of the adjustments in the measured column reactions in 
the flat plate and flat slab. The values shown are the sum of the horizontal 
or vertical reactions at a column line and are for the maximum loads in 
tests 106 and 203. 
Adjustments of Measured Column Reactions 
Vertical Column Reactions (lb) 
Interior Column Line Exterior Column Line 
Measured CorrectE;!d % Corr. Measured Corrected % Corr. 
Flat Plate 7742 7670 0·09 3290 3200 0.03 
Flat Slab 18707 18670 0.02 7659 7860 2.6 
Horizontal Column Reactions (lb) 
Interior Column Line Exterior Column Line 
Measured Corrected % Corr. Measured Corrected % Corr. 
Flat Plate 419 360 14.1 1977 1920 2·9 
Flat Slab 752 770 2.4 2409 2350 2.4 
-66-
Adjustments were generally very smallo The maximum percentage change was in 
the horizontal reaction at the interior column line of the flat plate. 
Although this was a relatively large perceritage change, the absolute change 
was only 60 lb. Furthermore, that horizontal reaction affected moments in 
the interior strip only, and theTe only to a small degreeo It should be 
pointed out that the computations were carried out using as many significant 
figures as indicated above only to reduce the errors involved in taking dif-
ferences of large numbers in calculating momentso Otherwise, the reactions 
should not be reported in more than three significant figures even when they 
represent the average of four reactionso 
7.3 Moments in the Flat Plate 
Moments in the flat plate test structure were computed from 
measured steel strains and measured column reactionso Two sets of values 
are given in this section for moments computed from reactions. In one case 
the shear was assumed. to be uniformly distributed at the supports, and in 
the other case the shear was assumed to be concentrated at the corriers of the 
supports. At the face of the shallow beam and at the midspans of the three 
strips, the moments are identical in both cases. 
The "measured- moments, as described above, are compared in this 
section with the design moments and with moments obtained from two theoretical 
analyses 0 The design moments were taken directly from the design calculations 
for t~~ prototype of the test structure with modifications for the scale 
factor and for, the actual total load on the structure. 
The theoretical solutions were for two nine-panel flat plates with 
clL ratios of 0.1 for the interior and exterior columns. One solution was 
for a slab with edge beams with approximately the same torsional and flexural 
I 
I 
~ 
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stiffnesses as those in the test structure (based onuncracked rectangular 
beams). The beams were considered as lines which coincided with the exterior 
column centerlines and the columns were considered to be infinitely stiff. 
The test structure differed from the theoretical structure dimensionally in 
that the beams had a finite width and the interior face of the shallow beam 
coincided with the face of the columns rather than the centerline. Furthermore, 
the exterior columns of the test structure had a c/L ratio of 0.067 rather 
than the value of 0.10 assumed in the analysis. In the second solution) the 
structure was identical to the first except that there were no edge beams. 
The solution of the nine-panel flat plate with no edge beams is given in 
Ref. 18. The procedure used in solving the flat plate with edge beams was 
identical to that reported in Ref. 18. 
The six sets of values of moment across the entire width of the 
flat plate as described above are given in the table below. Moments are 
given in terms of .M/WL. Measured momep.ts are for the maximum load .. in 
test 106. 
COmparison of Moments Across the Entire Width of the Flat Plate 
Shallow Beam 
Section 
M t(distr.shear) 
reac 
, 
M t(conc. shear) 
reac 
M t . s ralllS 
M design 
Mtheor . (beams) 
M (no beams) theor. 
I' 
1 2 3 
0.030 0.053 0.078 
0.030 0.053 00072 
0.029 0.052 0.069 
0.050 0.051 0.071 
0.048 0.042 0.063 
0.030 0.044 0.068 
II' 'I' 
3' 4 5 
0.071 0.037 0.070 
0.066 0.037 0.064 
0.063 0.038 00062 
0.063 0.046 0.063 
0.062 0.038 0.061 
0.062 0.037 0.062 
Deep Beam 
1\ 
v 
5 7 6 
0.078 0.052 0.041 
0.072 0.052 0.040 
0.064 0.048 0.035 
0.071 0.051 0.052 
0.063 0.043 0.049 
0.068 0.044 0.030 
J 
The moments computed from reactions are identical at the face of 
the shallow beam and midspan in each of the three strips for both assumptions 
concerning the distribution of shear at the columns. At interi9r column 
lines~ and at the face of the deep beam) the assumption of concentrated shear 
gave smaller moments than the assumption of distributed shearo In both cases, 
the negative moment at the deep beam edge was higher than that at the shallow 
beam edgec Moments at other sections were nearly symmetrical about the 
center of the structure. Positive moments in the exterior strips were about 
40 percent higher than the positive moment in the interior strip 0 There was 
also a reduction in the negative moment at the interior side of the interior 
column line) as expected 0 
The moments computed from measured steel strains showed the same 
general distribution as did those computed from reactionso They were) in 
general) in very good. agreement with those computed from reactions assuming 
concentrated shearo . The ratio of moments computed from reactions computed 
with concentrated shears to moments computed from strains is shown below for 
each section. 
Shallow Deep 
Beam Beam 
1 2 3 3 n 4 5 5n 6 7 
~ ~ Ir ~ r . ! 1 
Mreact/Mstrains 1.05 1.01 1005 1005 0096 1003 1012 1.09 1017 
In the strip adjacent to the shallow beam and in the interior strip) the 
difference between the moment computed from reactions and strains did not 
exceed five percento In the strip adjacent to the deep beam) the discrepancy 
was greater, with the maximum difference occurring at the face of the deep 
bea~. The moments computed from strains at the interior column line and at 
.'. 
midspan in the strip adjacent to the deep beam were lower than moments at the 
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corresponding sections in the strip adjacent to the shallow beam. Strains 
in the strip adjacent to the deep beam were in most instances measured on 
the inner layer of reinforcement, steel depth = 1-3/8 in., whereas strains 
in the strip adjacent to the shallow beam were measured on- the outer layer 
of reinforcement, steel depth;: 1-1/2 in. Consequently, the apparent 
difference in moments in the two strips may be because the idealized moment-
strain curves for d ;: 1-3/8 in. underestimated the moment rather than because 
of actual differences in moment, since this difference does not occur in the 
moments computed from reactions. 
The design moment agreed very well with the moments computed from 
strains and from reactions, assuming concentrated shear, at all sections 
except for the negative moments at both edgese At those two sections, the 
design moments ~ere much larger than the measured moments. The ratio of 
design moment to moment computed from strains at each section is shown below 0 
Shallow Deep 
Beam Beam 
1 2 3 39 4 5 5u 6 7 
r
l I i II ~ , !l! i I 
Md . 1M t . 1070 0·98 1003 1001 1.06 1001 1.11 1.07 1·50 eSlgn s ralns 
A better comparison between measured and design moments can be made 
in terms of total moment, which is defined as the sum of the average negative 
moment and the positive moment at midspan. The total moments in each strip 
of three panels in the flat plate are shown in the table below for the maximum 
load in test 1060 Total moments co~uted from measured steel strains and from 
measured column reactions, assuming concentrated shear, are shown, as well as 
design total momentso The design total moments for each strip are the largest 
of the three sets of total moments shown in the table, and the total moments 
computed from strains are the smallest 0 
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Total Moments for the Entire Width of the Flat Plate 
Shallow Beam 
M 
react 
(conc. shear) 
KiF-inc 
M/WL 
M t . s ralns 
kiF-in. 
MjWL 
M design 
kiF-in. 
M/WL 
r 
1 2 
65.4 
0.104 
70.1 
0.122 
3 3' 
'I' 
64.1 
0.102 
Deep Beam 
6 
68.1 
0.108 
61.2 
0·097 
70·9 
0.113 
II 
The total static moment is a somewhat elusive quantity, the theo-
retical value of which depends upon the assumptions which are made concerning 
the distribution of shear at the supports. Although it was not possible to 
determine the actual distribution of shear at the supports in the test struc-
ture, limits for the static moment can be computed~ The upper limit for the 
static moment is 0.125 WL. This value can 'be approached in the structure only 
if the whole shear is concentrated at the centerline of the colurnns~ The lower 
limit for the static moment is obtained by assuming that the shear is concen-
trated at the corners of the columns 0_ For a clL ratio of 0.10, the lower limit 
of the static moment is 0.101 WL. An intermediate value of 0.107 WL, for 
elL = 0.10, is obtained by assuming the shear to be uniformly distributed 
around the perimeter of the support. 
Interior panels of flat plates or flat slabs which are designed in 
accordance with the ACI code are designed for less than the static moment. 
The expression for the total moment given in the 1956 ACI Code CEq. 10, 
Section 1004(f))_is: 
J 
J 
.J 
where 
M 
o 
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2 c 2 
0009 WLF (1 - 3 I) 
c F = 1.15 - L but not less than 1.0. 
This expression is based on J. R. Nichols v (16) suggested simplification for 
the exact static moment in an interior panel with round capitals. In Nichols v 
solution} the panel in ~uestion was one of an infinite array of identical 
panels} all uniformly loaded with the same intensity of load} and the shear 
was assumed to be uniformly distributed around the capital. Nichols' exact 
expression for the total moment} with the above assumptions} was: 
M - 0 125 WL [1 _ ~ E. + ! (::.) 3 ] 
o - .. Tr L 3 L 
Nichols' suggested Simplification of the above expression was: 
For a clL 
0.082 WL. This is 
which the st.1ea.;o lS 
ratio 
2 
M = 0.125 WL (1 - 5 E.) 
o 3 L 
of O.lO} E~. 7·1 gives a 
81 percent of the lower limit of 
design total 
the static 
assumed -+-,... .......... concentrated at the corners of lIV u<;;; 
moment 
moment} 
square 
capitals. 1::.5 T7 percent of the static moment computed by assuming a 
(7 .. 2) 
of 
in 
A.:.. ::J.::~lgh i.nterior panels of flat plates and flat slabs are designed 
for le5: t:~l.~ ·~=lC s:atic moment} this is not necessarily the case for exterior 
panels. I.r.:he ~tle below the design moments in each of the nine panels of 
the flat ;:la:e a:-e given. The location of each panel can be found by 
reference ~c F:.gr,. 12 and 130 The moments shown are in a north-south direc-
tion in relation to the figures. The specified percentage (Fig. 1004 (f) a) 
1956 ACI Code) of M as given by E~. 7.1 for the negative and positive 
o 
moments in each panel are given, as well as the total percentage of M in 
o 
the slab for each panel. This total slab design moment is then expressed in 
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terms of WL, and the beam moment, in terms of WL, is added to the slab 
moment to give the total design moment in each panel. 
Total Design Moment in Each Panel of the Flat Plate 
Panel 
Percent of MO(E~o 7. 1 ) 
at Design Sections 
Exterior Negative 
Interior Negative 
Average Negative 
Positive 
Total 
A 
45 
62 
B 
50 
68 
53·5 59 
45 48 
C 
40 
48 
41 
D E 
57 66 
93 104 
F 
33 
G 
48 
62 
55 
45 
H 
52 
68 
60 
48 
89 100 108 
J 
44 
56 
50 
41 
91 
Design M (E'l' 7.1) 
M/WL 0 0.085 00085 0.085 0.082 0.082 0.082 00085 0.085 0.085 
Total Slab Design 
Mom.) M/WL 0.084 0.091 0.076 0.076 0.085 0.073 0.085 0·092 0.077 
Total Beam Moment, 
M/WL 
Total Design Moment, 
0.033 0.053 0.031 0.051 0.033 0.053 
M/WL 0.117 0.091 0.129 0.107 0.085 0.124 0.118 0.092 0.130 
Total Des. Mom. per 
Strip, M/WL 
Total Static Mom. 
(uni:f. shear) 
M/WL 
Total Static Mom. 
( cone. shear) 
M/WL 
0.112 
0.107 
0.105 
Exterior Strip, 
Shallow Beam Side 
0.105 
0.107 
0.101 
Interior Strip 
0.113 
O.llO 
0.105 
Exterior Strip, 
Deep Beam Side 
The ACI Code specifies that in computing M~ where the values of 
v 
clL are different at each end of the span, the average value of clL should 
J 
, 
J 
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be usedo This was done for the values of M for exterior panels A, B, C, G, 
o 
H, and Jo The same method was used in computing the total static moment 
for the exterior stripso In the design calculations, the fact that the 
interior face of the shallow beam coincided with the column face was not 
taken into account in computing M for panels AJ B, and Co M was computed 
o 0 
as if the shallow beam were set back to the centerline of the columns. In 
computing the total static moment, this was taken into account by averaging 
the total moments computed assuming uniform and concentrated shearo 
It can be seen from the preceding table that the total design 
moment exceeded the total static moment in the exterior strips. In the 
interior strip the total design moment was greater than the total static 
moment assuming concentrated shear, and only slightly less than the total 
static moment assuming uniformly distributed shear. 
The total moments computed from strains, the total moments computed 
from reactions, the total design moments, and the total static moments are 
repeated in the following table for convenience. 
':'o:al Moments for the Entire Width of the Flat Plate ~MLWL~ 
Shallow Deep 
Beam Beam 
1 2 3 3v 4 5 59 6 7 
r ! 'II i 'II 
, II 
M (conc. shear) 0.104 0.102 O.lOS 
react. 
M (unif. shear) 00107 0.107 0.112 react. 
M t . 0.101 0.101 0.097 s ralns 
Md . 0.112 00105 00113 eSlgn 
Mstatic (conco shear) 00105 0.101 0.105 
Mstatic (unif. shear) 0.107 0.107 00110 
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The total moments computed from steel strains show particularly 
good agreement with the total static moment and the total moment computed 
from reactions, where the shear was assumed to be concentrated at the corners 
in both cases. The maximum discrepancy between the total moment computed 
from strains and the total static moment was in the strip adjacent to the 
deep beam where M t ,/M t t' was 0·92. This discrepancy can be attributed 
s raln s a lC 
to experimental error and is well within the range of error to be expected 
from the experimental techniques and methods of analysis which were used. 
The above table emphasizes that the agreement between measured and 
design moments across the entire width of the flat plate was due to the fact 
that the design moments were equal to or greater than the static moment rather 
than that the measured moments were less than the static moment. The figures 
which have been presented at this stage of this report in no way justify 
designing flat plates, interior panels in particular, for less than the static 
moment 0 Because the structure under consideration was only three bays Wide, 
the over-designed edge panels, in which the beams contribute to the total 
moment, increased the total moment across the entire width of the structure 
significantly. However, if the number of bays across the width of the struc-
ture were increased) the influence of the beams would diminish and the total 
moment would approach the value for which the interior panel is designed. 
In the table below, the moments computed from strains for the full 
width of the flat plate are compared with the two theoretical analyses of 
nine-panel flat plates. Moments are given in terms of M/WL. 
The moments in the interior strip agreed very well in all three 
caseso However} the theoretical analysis of the slab with edge beams shows 
much higher moments at the edges than the test indicated. The theoretical 
moments at the exterior side of the interior column line were correspondingly 
I 
J 
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Shallow Deep 
Beam Beam 
II Irl III II 
Section 1 2 3 3 9 4 5 5' 6 7 
M t . s ralns 0.029 0.052 0.069 0.063 0.038 0.062 0.064 0.048 0.035 
Total Mom. 0.101 0.101 0.097 
Mth (beams) eor. 0.048 0.042 0.063 0.062 0.038 0.061 0.063 0.043 0.049 
Total Mom. 0.098 0.100 0·099 
Mth (no beams) eor. 0.030 0.044 0.068 0.062 0.037 0.062 0.068 0.044 0.030 
Total Mom. 0·093 0·099 0·093 
low. It has been mentioned tbat .. although the torsional stiffness of the 
beams was considered in the theoretical analysis, the columns were assumed 
to be infinitely stiff. In reality, however, the columns in the test struc-
ture were not infinitely stiff. Their flexibility permitted an additional 
rotation of the edge, which was not considered in the analysis, and a conse-
~uent relaxation of moment at the edge. This is borne out by comparing the 
measured moments to the moments obtained in the analysis of the plate with 
no edge beams. The moments at all sections compared very well. The maximum 
difference was at the positive moment section of the edge strips., 
The theoretical total moments were in most cases less than the 
measured total moments. This is because the twisting moments at the columns 
were not included in the theoretical moments shown in the table. 
The measured moments across the full width of the flat plate at 
each load level in test 106 a're sho~·!n ;n /"f1.Qhlp t;_ .- ..... ~_____ ,;' v The moments computed from 
measured column reactions, assuming both uniformly distributed and concentrated 
shear, and the moments computed from measured steel strains are shown. All 
moments in Table 5 are given in kip-in. Each of the three sets of moments is 
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plotted against the total load for each section in Fig. 121. The agreement 
between moments computed from reactions and from strains is excellent at 
every load level at the face of the shallow beam, section 1, an~ at the 
mid spans of the exterior strips, sections 2 and 6. At the interior column 
linesj sections 3, 3', 5 and 5'; the moments computed from reactions tend to 
be somewhat erratic. This reflects the sensitiveness of the moment at those 
sections to small variations in the exterior-column-line reactions. Even so, 
the agreement between the moments computed from reactions with the assumption 
of concentrated shear and the moments computed from strains was very good. 
The moments computed from reactions with the assumption of uniformly distributed 
shear ga v e moments which were too high, relative to the moments computed 
from strains, especially at higher loads. The agreement was also very good 
at the midspan of the interior strip, section 4, although again the moments 
computed from reactions were somewhat erratico At the deep-beam edge, the 
moments computed from reactions were higher than those computed from strains 
throughout the test. 
The moment coefficients, M/WL, across the full width of the flat 
plate for ea~h load level in test 106 are shown in Table 60 Coefficients are 
shown for coments computed from reactions for both assumptions concerning the 
distribution of shear and for moments computed from strains. The coefficients 
shown in the ~ble for each section across the full width of the structure 
are plotted against load in Figs. 122 and 123. In Fig. 122, the moment. 
coefficients computed from reactions assuming uniformly distributed shear are 
compared ~ith those co~uted from strains. At the exterior edges, sections 1 
and 7, the coefficients were nearly constant throughout the test. This was 
also the case at the midspan of the interior strip, section 4. At the midspans 
of the exterior strips, sections 2 and 6, there was a downward trend in the 
t 
....J 
-77~ 
coefficients as the load increasedo This was particularly true of the 
coefficients determined from strainso At the interior column lines, opposite 
trends were exhibited by the coefficients determined from reactions and 
strains 0 The coefficients determined from reactions showed an increasing 
trend as the loads increased, whereas the coefficients determined from strains 
decreased with increasing loado In the strip adjacent to the deep beam, it 
is apparent that the decreases in the coefficients at midspan and at the 
interior column line were not offset by a corresponding increase in the co-
efficient at the edge. Consequently, the total moment decreased with increas-
ing loado Since this is not possible, it may be concluded that the decrease 
in the coefficients, at least in that strip, was evidence of the approximate 
nature of the assumed moment-strain relationships rather than any actual 
redistribution of momento 
The comparison of the coefficients determined from strains with 
those determined from reactions assuming concentrated shear is shown in 
Fig. 123. The trends of the variation of the moment coefficients with 
increasing load shown in Fig. 123 are identical to these shown in Figo 22. 
The only difference is that the coefficients at the interior column lines 
which were determined assuming concentrated shear were smaller than those 
assuming uniformly distributed shear and were in better agreement with the 
coefficients determined from strains. Neither figure gives conclusive 
evidence of redistribution of moment. It can be concluded only that up to 
the design load there was no significant redistribution of moment for the 
full width of the flat plate. 
7.4 Moments in the Flat Slab 
In this section, moments across the full width of the flat slab 
test structure are presented 0 Moments were computed from measured steel 
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strains and measured column reactions at the nine sections shown in Fig. 120. 
Moments were computed from reactions assuming both concentrated and dis-
tributed shear in turn as described in the preceding section. The three 
sets of measured moments are compared with each other and with the design 
moments which were taken directly from the design calculations for the proto-
type of the test structure with modifications for the scale factor and for the 
actual total load on the structure. 
The four sets of values of moments are given in the table below as 
coefficients of M/WL. The measured moments are for the maximum load in 
test 208. 
Co~arison of Moments Across the Entire Width of the Flat Slab 
Section 
M t . s ralns 
Mreact. 
(dist. shear) 
Mreacto 
( conc. shear) 
Md . eSlgn 
Shallow Deep 
Beam Beam 
II III 'II il 
3 v 51 1 2 3 4 5 6 7 
0.025 0.050 0.083 0.077 0.035 0.073 0.081 0.048 0.040 
0.023 0.049 0.069 0.059 0.035 0.058 0.070 0.049 0.040 
0.022 0.049 0.047 0.046 0.035 0.046 0.047 0.049 0.038 
0.044 0.041 0.071 0.058 0.032 0.058 0.071 0.041 0.047 
The moments· computed from reactions, assuming both concentrated 
and distributed shear, are identical at the positive moment sections. At 
the interior column lines, the assumption of concentrated shear gave much 
smaller moments than the assumption of uniformly distributed shear did be-
cause of the rela t.i vely large value of clL (0.20) 0 
I 
.J 
I 
i 
--.J 
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The ratios of the moments computed from strains to each of the two 
sets of moments computed from reactions are given for each section in the 
table below 0 
Shallow ~~p 
Beam Beam 
1 2 3 3' 4 5 59 6 1 
r .~ III ~ III I II 
M t 1M t . . 0·92 0.98 0.83 0·77 1.00 0·79 0.86 1.01 1.00 reac 0 s ralns 
(distroshear) 
Mreacto/Mstrains 0.88 0·98 0·57 0.60 1.00 0063 0.60 1.01 0·95 
(conc. shear) 
The agreement between the moments computed from strains and from 
reactions was very good at the midspan of each of the three strips, and at 
the exterior edges. However) the agreement was not good at the interior 
supports. In fact, the agreement was so poor in the case of the moments 
computed from reactions with concentrated shear that it may safely be con-
cluded that the assumption does not represent the condition in the actual 
structure. 
The agreement between the moments computed from strains and from 
reactions assuming distributed shear can hardly be considered satisfactory 
at the interior column lines. At section 3° the moment computed from strains 
was only 77 percent of the moment computed from reactions. A satisfactory 
explanation for this discrepancy can be given, however. 
The beams in the test structure were subjected to flexure and 
torsion. When a rectangular section is twisted, the cross sections will 
warp unless restraint against warping is provided 0 When a rectangular 
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section is restrained from warping, as the beams in the test structure'were, 
significant longitudinal stresses may be introduced. Conse~uently, the strains 
which were measured in the beam steel may have been partly due to torsion and 
partly due to flexure. Since it was not possible to separate the two effects, 
the beam momen~were computed on the assumption that the steel strains were 
due to flexure alone. Before torsional cracking occurs, this is probably a 
good assumption. However, as soon as the beam develops torsional cracks, the 
strains in the longitudinal steel due to torsion may become quite significant. 
This is borne out by Fig. 124 which shows the moment vs. load curves for the 
shallow and deep beams at the exterior face of columns 2 and 8, respectively 0 
The curve for the deep beam was linear up to a load of about 160 psf, the third 
load increment in test 208. Beyond a load of 200 psf there was a very abrupt 
relative increase in this moment. The curve for the shallow beam was linear 
up to about 120 psfo Beyond that load the slope of the curve increased 
gradually up to the maximum load. The load-strain curves for the gages on 
the beam top steel at both faces of columns 8 and 12 are shown in Fig. 125. 
All of the curves show a definite break at about 200 psf, indicating cracking 
at that loado This corresponds to the abrupt increase in slope of the curve 
for the deep beam in Fig. 125. If the beam were resisting flexure alone, 
cracking would be expected to produce a relative decrease in the moment at 
the section where cracking occurred. 
It is conceivable that cracking could be accompanied by a relative 
increase in moment at a given section provided there was a corresponding 
relative decrease in moment at one or more other sections in the panel. Also 
shown in Fig. 124 are three broken lines representing the total exterior 
negative moment, the total positive moment, and the total interior negative 
moment in the column strip, middle strip and wall strip in panel Co Although 
there is a relative decrease in the total positive moment, there is a 
J 
I 
: 
....1 
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corresponding relative increase in the total exterior negative moment. The 
curve representing the total interior negative moment exclusive of the beam 
shows a slight relative decrease between about 150 and 250 psf, followed by 
a relative increase 0 Therefore, the large relative increase in the interior 
negative moment in the beam is not accounted for by a corresponding decrease 
in moment at other sectionso 
The ratio of the design moment to the moment determined from strains 
is shown below for each section across the width of the flat slab. 
Shallow Beam Deep Beam 
1 2 3 3g 4 5 5' 6 1 I ! ~ ill ~ ~ I II 
Md . /M t . 1·76 0.82 0.86 0.76 0·91 0.79 0.88 0.85 le18 eSlgn s ralns 
The agreement between design moments and moments determined from strains was 
not particularly good at any section. The best agreement was at section 4, 
the midspan of the interior bay. The greatest discrepancy was at the face 
of the shallow beam. The positive design moments were lower than the measured 
moments in every case. The design moments at the interior column lines were 
also lower than the measured momentso However, this is not particularly 
significant because the measured moments were probably too high for the 
reasons noted previouslyo 
The total moments in each bay across the width of the flat slab 
are given below. Values are given for the design moment and for the measured 
moments determined from strains and from reactions assuming distributed shear. 
The measured total moments are for the maximum load in test 208. Moments are 
given as coefficients of M/WLo 
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Total Moments for the Entire Width of the Flat Slab 
Shallow Beam Deep Beam III I t I , 5'1'5' t ~I -2 3 I 3' 4 6 
M 
react. 0·095 0.094 0.104 
(dist. shear) 
M 
strains 0.104 0.110 o.loB 
Md . 0·099 0·090 0.100 eSlgn 
The total moments determined from strains were the largest of the 
three sets of total moments in every span. In the span adjacent to the 
shallow beam, the total moment determined from reactions was smaller than the 
design total moment. In the other two spans the opposite was true. 
The static total moment based on a uniform distribution of shear is 
0.oB8 for a clL ratio of 0.20. However, this value is too low for any of the 
strips of the three panels in the flat slabs. The clL ratio at the edges for 
moment parallel to the edge was 0.oB3) at the interior supports and 0.058 at 
the corner. If the total moment is computed on the basis of an average value 
of clL for each panel, the following static moments across the entire 
structure are obtained. 
Shallow Beam 
I' ~ 1 2 
"Static'Moment 0·096 
III 3 3' 
I 
4 
0·095 
I 
6 
0·096 
Deep Beam 
7
1
1 
In computing these total moments, no consideration was given to the location 
of the face of the beams with respect to the column centerline. They repre-
sent lower limits of the static moment computed on the basis of distributed 
I 
--' 
-
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shear. In the exterior spans, the design total moments exceeded the static 
moments given-above. In the interior span, the design total moment was 
somewhat less than the static moment. 
The design total moments for each panel of the flat slab are given 
in the table below as coefficients of M/WL. The static total moment computed 
on the basis of average values of c/L and the assumption of distributed shear 
is also given. The various c/L ratios in the flat slab necessitated a more 
elaborate design procedure than was used in the flat plate. Conse~uently, 
the design total moments are presented without elaboration as to how they were 
obtained in order to avoid too cumbersome a tabulation. 
Total Design Moments in Each Panel of the Flat Slab 
Panel A B C D E F G H J 
Total Slab 
Design Moment, 0.070 0.085 0.059· 0.Q65 0.066 ·;0-.054 0.073 0.071 0.060 
M/WL 
Total Beac 
Moment, r-v .......... C.030 0.054 0.031 0.053 0.039 0.054 
Total Des igr. 
Moment o.~oo 0.085 0.113 0·096 0.066 0.107 0.103 0.071 0 .. 104 
Total Sta:. ~ c 
Moment, ?V~, to.:, (;.100 0.088 0.100 0.099 0.088 0·099 0.100 0.088 0.100 
..... ;.~l:~~:S A, C, F, G and J, the total design moment e~ualed or 
exceeded ~he [:'a:'~c total moment. In panel E, the total design moment was 
ov~y 75 pe~cent 0: the static moment. The above table shows that, as was the 
case for the flat plate, exterior panels of flat slabs which include beams 
in the direction of the span ~e usually designed for more than the static 
moment. For a structure, such as the one tested, which is only three bays 
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wide, oyer-designed panels with beams may offset completely the under-
designed panel with no, beams. Again it must be emphasized that this does 
not in any way justify the design provisions of the 1956 ACI Code in which 
individual panels are designed for such widely varying proportions of the 
static moment. In order to avoid a false sense of security from the fact 
that the strips of three panels were designed for very nearly the static 
moment, primarily because of the large amount of ,moment for which the beams 
were designed, it should be remembered that in neither of the two structures 
tested did the beams participate in the failure, except in that they were 
torsionally weak. 
The measured moments across the full width of the flat slab at each 
load increment in test 208 are shown in Table 70 The moments computed from 
strains and the moments computed from reactions assuming uniformly distributed 
shear are given in kip-in. The two sets of moments for each section are 
plotted against the total load in Fig. 1260 The agreement between the moments 
computed from reactions and from strains was very good throughout the test 
at sections 1 and 7, the edges adjacent to the shallow and deep beams, 
respective.ly. Agreement was also good at sections 2, 4, and 6, the midspans 
of each of the three stripso At each of the sections, the greatest discrep-
ancy was at a level of about 160 psfo The somewhat erratic behavior of the 
curve for the moments at section 4 computed from reactions reflects the 
sensitiveness of the moments at the interior sections to small variations of 
the vertical reactions at the exterior edges. At the interior column lines 
the agreement between the two values of moment was good up to a load of about 
160 psfo Beyond that load, the values of moment computed from strains and 
from reactions diverged with the moments computed from strains becoming much 
larger than those computed from reactions 0 
, i 
~ 
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The moment coefficients, M/WL, for each section across the full 
width of the flat slab at, each load level in test 208 are shown in Table 8. 
The coefficients are shown for moments computed from strains and for mornent~ 
computed from reactions assuming distributed shear. The coefficients shown 
in the table for each section across the full width of the structure are 
plotted against load in Fig. 127. At the exterior edges, sections 1 and 7, 
the coefficients computed from reactions were nearly constant throughout 
the test, whereas those computed from strains showed an upward trend with 
increasing load. At the midspans of the two exterior bays, sections 2 and 6) 
the coefficients determined from strains increased up to a load of 160 psf) 
and beyond that load they decreased. The coefficients at sections 2 and 6 
determined from reactions were fairly constant throughout the test. At the 
midspan of the interior bay, section 4, the coefficients computed by the two 
methods increased with increasing load. The trend was more pronounced for 
the coefficients computed from reactions. At the interior column lines, the 
coefficients computed from strains increased with increasing load whereas 
those computed from reactions decreased. 
In the interior bay, the coefficients at sections 3', 4, and 5 
determined from strains all increased with increasing load. This would 
indicate an increase in total moment with increasing load. A change in the 
distribution of shear at the supports could cause a variation in the total 
moment 0 However} it is extremely doubtful that such a change would be of the 
magnitude indicated by the coefficients. The effect of torsion on the computed 
moment in the beams has been given previously as a possible ex~lanation for 
the apparent relative increase in moment at the interior column lines. The 
coefficients in the interior bay computed from reactions indicate a redis-
tribution of moment from negative to positive moment sections. Since cracking 
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occurred first at the interior column lines, a redistribution of moment from 
negative to positive sections is reasonablee However, in view of the rather 
arbitrary manner in which the reactions from which the moments were computed 
were determined, and in view· of the sensitiveness of moments at the interior. 
of the structures to those reactions, a definite conclusion of redistribution 
of moment from negative to positive to the extent indicated in the figure is 
not justified. 
I 
.J 
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8. MOMENTS IN THE FLAT PLATE 
801 Introduction 
In this chapter the moments determined from steel s~trains measured 
in the design load test (106) on the flat plate are presented and compared 
with two theoretical analyses and with the moments as determined by the 
empirical design method of the 1956 ACI Building Code. The two theoretical 
analyses were made for nine-panel flat plates which were dimensionally similar 
to the test structure) one with edge beams and one without edge beams. The 
two analyses have been described in Section 7.3. 
The total moment in each panel is discussed first. The total 
moment is defined as the sum of the positive moment at the midspan of each 
panel and the average negative moment. The measured total moments are com-
pared with the design total moment) the total moment obtained in the two 
theoretical analyses) and the total static moment computed using different 
assumptions concerning the distribution of shear at the supports. 
The distribution of moment between column) middle) and wall strips) 
and beams is also discussed. The moments at those design sections are pre-
sented in terms of coefficients of M/WL and in terms of the actual magnitude 
of IOOr:le:1t. 
8.2 Total Moments 
The total moments in individual panels of the flat plate are 
discussed in this section. Total moments determined from measured steel 
strains are compared with the total moments determined from two theoretical 
analyses J with the design total moment) and with the static moment. 
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The measured total moments were determined from steel strains 
measured in the first test to design load on the flat plate (test 106). In 
that test, all panels of the structure were loaded 0 Moments were determined 
from steel strains by using the idealized moment-strain relationships des-
cri bed in Chapter 6. All measured moments in this chapter include dead load 
moments. 
The two theoretical analyses were made' for nine-panel flat plates, 
one with edge beams and one with no beams (Sect'ion 703). Twisting moments 
were not included in the theoretical total moments given in this section. 
The design total moments were obtained from the design calculations 
for the full-sized flat plate from which the test structure was scaled down. 
The design moments were reduced by appropriate load and scale factors to 
obtain moments for a structure with the same dimensions and loading as the 
test structure. 
All design moments obtained by the empirical method of the 1956 ACI 
Building Code (Section 1004) are based on Eqo 10 in section 1004(f)~ 
where 
M 
o 
2 c 2 
0·09 WLF (1 - 3" I) 
W = the total load on the panel 
L the center-to-center dimension between columns 
(8.1) 
c = the "effective support widthU as defined in Seco 1004(c) 
F = 1.15 - clL but not less than 1 
The basis for Eq. 801 bas been discussed in Section 703. The expression in 
brackets in Eq. 801 is a simplification of the l!exact11 expression for a flat 
slab with round capitals 0 No distinction is ms.de in the ACI code between 
round and square capitals. Therefore, the above expression is somewhat con-
servative for square capitals 0 However, this is overshadowed by the use of 
I 
..J 
-89-
.. 
the coefficient 0009 rather than the value 0.125 which is demanded by a 
consideration of staticso 
For panels in which the columns are not all the same size, the 
following design procedures are specified~ 
(1) Column strips are designed for a value of M based on the 
o 
average value of c at the ends of the column stripo 
(2) Middle strips are designed for the average value of M 
o 
determined for the half column strips on either side except that uBending in 
the middle strips parallel to a discontinuous edge shall be assumed the same 
as in an interior panel." 
For purposes of comparison, values of the static total moment for 
each panel were computed on the basis 0 f two basic assumptions~ (1) The 
shear was assumed to be concentrated at the corners of the columns, and (2) 
the shear was assumed to be uniformly distributed along the periphery of the 
columns. 
The "static lV total moments computed for the exterior panels of the 
flat plate were admittedly approximate. Shears and twisting moments at column 
centerlines were neglected and they were probably negligible for the case 
under consideration in which all panels of the structure were loaded. Even 
though the static moments computed for the exterior panels were approximate, 
they were undoubtedly much closer to the actual static moment than the total 
moment given by Eqo 8.1. 
The total moments for each panel of the flat plate are given in the 
~ 
following table. All total moments given are in the north-south direction in 
the panels indicated. Although moments were not measured in panels D, G, and 
H, it should be recognized that the moments given are for the panels symmetrical 
to them, panels B, C. and D, and are listed as they are in the table for 
J 
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convenience. All moments are given as coefficients of M/WL. Measured 
moment coefficients are for the maximum load in test 106. 
Total Moments in Individual Panels of the Flat Plate 
Panel A B C D E F G H J 
Measured M 0.107 0·095 0.100 0.114 0.103 0.089 0.103 0·092 0·097 
_...1 
Design M 0.115 0·090 0.128 0.111 0.082 0.120 0.117 0·091 0.130 
Theor. M 0.098 0·097 0·098 0.099 0·099 0·099 0.099 0.097 0·099 
(beams) 
Theor. M 0.087 0·092 0.087 0·095 0·097 0.095 00087 0.092 0.087 
(no beams) 
Static M 0.104 0.104 0.104 0.100 0.100 0.100 0.111 0.111 0.111 
(conc. shear) 
Static M 0.107 0.107 0.107 0.103 0.1c6 0.103 0.114 0.114 0.114 
(dist. shear) 
The measured total moment coefficients varied from 0.089 in 
panel F to 0.114 in panel D. Although differences are to be expected in the 
total amount in each panel because of differences in the distribution of shear 
at the supports and differences in the c/L ratio, the variations shown in the 
table can be attributed also to inaccuracies in the strain measurements and 
in converting these measurements to bending moments. 
The design total moment coefficients varied over a wider range than 
the measured total moments did. The values ranged from 0.082 in panel E to 
0.130 in panel J. In"six panels, the design total moment exceeded any value 
of total moment obtained from the theoretical analyses or from the computations 
for the static total moment. In every such case, the panel included a beam 
spanning in the direction for which the total moment was determined. In 
panel J, the deep-beam-corner panel, the design total moment exceeded by 
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14 percent the maximum value of the static tot.al moment, which was computed 
on the basis of distributed shearo In contra.st to this, the interior panel E 
was designed for only 82 percent of the minimum statj.c moment, computed on 
the basis of concentrated sheary and for 79 percent of the measured total 
moment in that panelo This design inconsistency comes about bec.ause of the 
practice, recommended in the 1956 ACI Code, of designing beams independently 
of the panels of which they are a parto The over~design of six of the nine 
panels in the test structure should not divert attention from the fact that 
interior panels of fl.at plates are grossly under=designed., 
The values of total moment determined from t.he theoretical analyses 
cannot be compared directly with the other four sets of total moments for the 
exterior panels A, B, C, GJ H, and J since the clL ratio of the exterior 
columns was 0010 in the analyses rather than 000670 The total moments for 
the slab with beams were larger than those for the slab without beams because 
the twisting moments, which were neglected in determining the total moments, 
were larger in the latter caseo In panels DJ E, and F, where the clL ratio 
was the same in every case J the agreement be'tween the total moment determined 
from the theoretical analyses and the static total moment,9 assuming concen~ 
trated shear, was very goodo The values of total moment in the interior panel 
were 0.099 WL, 0.097 WL j and 00100 WL for the slab with beams, the slab without 
beams, and the static moment computed assuming concentrated shear, respectivelyo 
The values of static total moment cO~p'u.ted on the basis of 
concentrated shear were slightly smaller than those computed on the basis of 
distributed shear. In both cases J the static moment was smallest in the 
interior spans and largest in the spans adjacent to the deep beamo The maxi-
mum difference between the static moments computed on the basis of the two 
assumptions was 6 percent in panel Eo The static total moments computed on 
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the basis of concentrated shear were generally in better agreement with the 
measured total moments than those computed on the basis of distributed shear. 
However, the total moments in the nine panels of the test structure could 
not be determined with sufficient accuracy to justify a conclusion that one 
set of assumptions concerning the distribution of shear is more nearly correct 
than the other. 
The preceding table and discussion can be summarized as follows: 
1) The measured total moments verify that which should need no 
verification: The full static cmoment does exist in a flat plate. 
2) The procedures specified by the 1956 ACI Building Code for the 
design of flat plates by the empirical method are inconsistent. For the test 
structure, the design total moments for different panels varied from 82 percent 
to 114 percent of the static moment. 
3) A good approximation of the static moment can be computed using 
relatively simple assumptions. For the clL ratios in the flat plate, the 
ass~~tions concerning the distribution of shear at the supports did not affect 
greatly the values of the static moment obtained. For larger values of clL, 
those assumptions become more critical. 
The relationship between the measured total moment and the total 
load for each panel of the flat plate is shown in Figs. 128 to 136. The 
design total moment and static total moment, assuming concentrated shear, are 
also shown on each figure. 
In panel A (Fig. 128), the corner panel supported by shallow beams, 
the measured moment was about 10 percent higher than the static moment up to 
a load of 110 psf, as was the design moment. However, at 140 psf the measured 
moment was only about three percent higher than the static momente 
The measured total moment perpendicular to the shallow beam in edge 
panel B (Figo 129) was lower than the static total moment and higher than the 
I 
~ 
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design moment throughout the testo Agreement between the. measuxed and static 
moments was better at loads below the maximum loado 
Parallel to the beam in edge panel B (Figo 130) the measured total 
moment "Was higher than the static moment throughout the test. The agreement 
between the two was best at the maximum loado 
I.n corner panel C (Figo 131L the agreement between the measured 
moment }Jerpendicular to the shallow beam and the static moment was excellent 
throughout the testo In contrast, the total design moment was much higher 
than either oneo 
The measured total moment perpendicular to the deep beam in. panel C 
(Fig. 132) was higher than the static moment up to 120 psf and was lower at 
the maximum loado 
In the interior panel (Figo 133), the agreement between the measured 
total moment and the static moment was very goodo The total design moment 
was much lower than eithero 
The measured total moment perpendicular to the deep beam in panel F 
(Fig. l34) agreed very well wit.h the static total moment up to a load of 
about 85 psfo Beyond that load the slope of the measured moment vSo load 
curve decreased until at the maximum load the measured moment and the design 
moment were nearly equalo A superficial study of Fig. 134 could lead to an 
erroneous conclusion. It might be claimed that the figure verifies the 
phenomena of nredistribution~g and 99 s1ab-action U~ 0 This is not the case, 
however. The same bending-over of the curve at higher loads occurs in nearly 
every panel, but it is particularly evident for moments perpendicular to the 
deep beame In every such case, steel strains were measu:red on the inner layer 
of reinforcement (d = 1-3/8 inc) 0 It is therefore more probable tP..a.t the 
peculiar behavior shown in Fige 134; as well as in Figso132 and 136 is caused 
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by the approximate nature of the moment-strain relationships for d = 1-3/8 ine 
rather than "redistribution" or "slab-action"e 
The measured total parallel to the deep beam in panel F'(Fig. 135) 
was about ten percent less than the static moment throughout the teste The 
total design moment was much higher than either the static or measured 
moment. 
In panel J (Fig. 136), the corner panel supported by deep beams, 
the measured total moment was less than the static moment throughout the 
test. The agreement was better at loads below 110 psf than at the maximum 
load. As was the case in every panel where the moment in the deep beam was 
included in the total moment, the design total moment was much larger than 
either the static or measured total moment. 
8.3 The Variation of Moment in the Flat Slab 
In this section the measured variation of moment at column lines 
and at panel centerlines is discussed. The measured variation is compared with 
the variation determined from the two theoretical analyses of nine-panel flat 
plates, one with spandrel beams and one without beams. The total measured 
moments in column strips and middle strips at negative and positive moment 
sections are compared with the two sets of theoretical moments and with the 
design moments obtained by the empirical method of the 1956 ACI Building Code. 
The experimental and theoretical variations of moment across the 
flat plate at each column line and at the midspan of each bay of three panels 
are shown in Figs. 137 and 138. The moments in panels A to F are shown in 
Fig. 137 and those in panels G, Hi and J are shown in Fig. 138. The moments 
are given as coefficients of W, the total load on each panel. 
At column line 1-4, the shallow-beam edge, the test structure and 
the theoretical analyses differed in that the faces of the beams and columns 
l 
.J 
-95-
coincided in the test structure whereas in the analysis of the slab 
with beams, the beam was considered to be a line at the' column centerlineo 
As a result, the effect of the projection of the column beyond the beam, 
which was so pronounced in the analysis, did not occur in the test structure 0 
The theoretical variation of negative moment had essentially the 
same shape at each column line, whether interior or exterioro It was typified 
by ver.y high peaks of moment at the column faces, zero moment at the side of 
the column on the centerline with an abrupt increase to a maximum at about 
001 L from the column and then a decrease to a lower value midway between 
columns 0 The theoretical variation of positive moment at the midspan of each 
bay was typified by an undulating curve with crests in the column strips and 
throughs in the middle stripso 
At the shallow beam edge, column line 1-4 (Figo 137), the measured 
moments in the middle half of the panels were lower than the theoretical 
moments, although they were on the same order of magnitudeo At the faces 
of columns 2 and 3, the measured moments were 25 percent of the theoretical 
moments. Th:s is partly because the columns of the test structure were not 
infinitely st:~~, as they were assumed to be in the analysis, and partly 
because the c~:~ns in the test structure did not project into the slab as 
those in the ClD.!.1.:YS i.s did. Furthermore, it is probable that such high peaks 
of moment as 'w'e:-e indi:ated by the analysis would be Usmoothed outt1l in a 
concrete sla: ':-e:a'J.se of cracking and subseca.uent redistribution. 
At the deep-beam edge, column line 13-16 (Figc 138), the measured 
moments between columns were about the same as the theoretical momentso 
However, the measured moments at the beam-column intersections were not zero, 
as the theory indicated, but instead they were higher than the moments measured 
J 
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across the face of the columns. This can be attributed to the deflection 
of the corners of the column. The moments across the face of the columns 
were about 15 percent of the theoretical moments. 
At the interior column lines (column lines 5~8 and 9-12)) strains 
were not measured at a sufficient number of locations to define clearly the 
variation of moment. However, the general pattern of the theoretical variation 
was comparable to that measured in the test with a low point indicated midway 
between columns. The theoretical effect of the edge beams in reducing the 
slab moments near the beams was also indicated in the test. However) there 
were important differences between the measured and theoretical moments at 
the sides of the columns where the moments were theoretically zero. The 
moments measured at those locations were as high as) or only slightly less 
than} the moments across the face of the columns. The measured moments across 
the face of the columns were only about 50 percent of the theoretical momentso 
(The moments shown on the figures are across the exterior face of the columns. 
Moments across the interior face are not shown.) 
Measured positive moments were nearly uniform ac~oss the structure. 
The theoretical effect of the spandrel beams on positive moments adjacent to 
the beams was verified in the test. 
The measured moments in each panel of the flat plate for each load 
increment in test 106 are given in Tables 9 to 26. The total moments in each 
column} middle} and wall strip at the positive and negative moment sections 
are shown as well as the positive and negative moments in the beams. The ACI 
Code empirical design moments at each of the above sections are also 
for the maximum load in test 106. Two tables are given for each panel. The 
first of each pair of tables shows the moments at each section in kip-in. 
The second table for each panel shows the moment at each section as a per- . 
centage of the total moment. 
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The measured moments at the maximum load in test 106 are shown in 
Fig. 139 on a plan of the structure 0 The moments are given as coefficients 
of M/WLo The coefficients are for moments in the north-south directiono The 
moments shown on the southwest half of the plan in the figure were actually 
measured in the east-west direction on the northeast half of the structureo 
They are shown as they are for convenience in tabulatingo 
At the shallow-beam edge, the negative moment coefficients in the 
middle strips were 00006 in panel A and 0.008 in panels B and Co The 
coefficients were 00020 in column strips 2 and 30 The coefficients in the 
wall strips were 0.007 parallel to the sDBllow beam and OQ002 parallel to the 
deep beamo The moment coefficients in the beams were 00008 in both the shallow 
and deep beam. 
At the deep-beam edge, the coefficients in the middle strips were 
slightly higher than those at the shallow-beam edge 0 They were 00012 in panel 
G and 0.009 in panels Hand Jo The coefficients in the column strips were 
also higher than at the shallow-beam edge 0 They were 00023 at both columns 14 
and 150 The negative moment coefficient in the wall strip parallel to the 
shallow beam was slightly smaller than tbe corresponding value at the shallow-
beam edgeo It was 00006 as compared to 00008 at the shallow-beam edge 0 In 
the wall strip parallel to the deep beamy the coefficient was 00005 at the 
deep-beam edge as compared to a value 00002 at the shallow-beam edge. 
The moment coefficients in the mid,dle strips at the interior column 
lines were all approximately 00020. Themaximlm value was 0.023 between 
panels B and Eo The minimum value) 00018, occurred in the middle strips 
nearest to the deep beam 0 In the column strips at columns 6 and 7, the 
coefficients were 0.042 on the exterior side of the columns and 0.041 on the 
interior side. The coefficients at columns 10 and 11 were somewhat less than 
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those at columns 6 and 7, and the coefficients on the exterior side of 
columns 10 and 11 were less than those on the interior side. The coefficients 
on the exterior side of those columns were determined from strains measured 
on the inner layer of steel, d = 1-3/8 in. It has been mentioned previously 
that the moment-strain relationships used for d = 1-3/8 in. probably under-
estimated the moment. In the wall strips at the interior column lines, the 
moment coefficients were 0.003 parallel to the deep beam and approximately 
0.010 parallel to the shallow beam. The coefficient parallel to the deep 
beam is low partly because a part of the wall strip was assumed to act as a 
flange for the beam. 
The positive moment coefficients in the exterior spans were very 
nearly uniform. In the column strips, the coefficients were 0.026 in the 
span adjacent to the shallow beam and 0.025 in the span adjacent to the deep 
beam. In the middle strips, the coefficients were 0.024 in panels A and B, 
0.020 in panel C, 0.023 in panels G and H, and 0.018 in panel Jo The coef-
ficients in the ~a~l strips parallel to the deep beam were 0.004 in panel C 
and 0.003 i:1t=",ar.el. .:. The coefficients in the wall strips parallel to the 
shallow bear.: w~~p c.o06 in panel A and 0.007 in panel Go 
The po!"~:'':ve moment coefficients in the interior span were somewhat 
less uniforr.: ~r~~ :~ the exterior spans. The coefficients in the column 
strips were o. C2; ar.~ 0.022. These were only slightly less than the column-
strip moment coe~~~:~ents in the exterior spans. The positive moment 
coefficients in the =uddle strips of the interior span were 0.022 in panel D, 
0.016 in panel E, and 0.011 in panel F. The wall strip coefficients in the 
interior span were 0.003 next to the deep beam and 0.007 next to the shallow 
beam. 
The moment coefficients in the deep beams were larger than those in 
the shallow beams, as they were expected to be. On the exterior side of the 
· I 
I 
...J 
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interior column lines, the average moment coefficient for the deep beam was 
0.026 as compared to a coefficient of 0.015 for the s~~llow beamo On the 
interior side of the interior column lines., the average negative moment 
coefficients were 0.018 for the deep beam and 0.013 for the shallow beam. 
The average positive moment coefficients for the exterior spans were 00013 
and 0.009 for the deep and shallow beams J respectively. In the interior 
span) the positive moment coefficients were 0.007 for the deep beam and 0.005 
for the shallow beam. 
The design morrent coefficients and the theoretical coefficients for 
the nine-panel slabs with and without beams are shown in Figs. 1·40 to 142 in 
the same form in which the measured moment coefficients were presented. 
The four sets of moment coefficients shown in Figso 139 to 142 are 
shown together for purposes of comparison in Figo 1430 The coefficients for 
the total moment in the beams and in each of the wall) middle) and column 
strips at each of the column lines and panel centerlines across the width 
of the flat, plate are shown. All of the moments are given as coefficients 
of r·Vw.:..... PlEasured moments are for the maximum load in test 106. 
At :'be shallow-bea.m edge.9 section ly the measured coefficients for 
the middl.e s ~,r ~ps agreed very well with the design coefficients and with the 
theo:-eti:a': coe!'ficients for a slab with spandrel beams. It should be obviou.s 
that the ~oe~!'icients for a slab without beams are zeroo In the. column strips 
at the sha:lo~-beam edge J the measured moment coefficients were only about 
60 percent as large as any of the other three coefficients 0 In the case of 
the theoretical coeffiCients, this difference can be attributed to the fact 
that the columns were assumed to be infinitely stiff in the analyses whereas 
in the actual structure they were noto In the wall strips and beams at the 
shallow-beam edge) the measured moment coefficients were smaller than the 
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theoretical or design moment coefficients. The difference was much greater 
at the deep-beam side than at the shallow-beam side. 
At the deep-beam edge, section 7, the measured moment coefficients 
in the middle strips agreed very well with the theoretical moment coefficients, 
but they were much smaller than the design moment coefficients. In the column 
strips, the measured coefficients agreed fairly well with the design coef-
ficients but were smaller than the theoretical coefficients. As was the case 
at the shallow-beam edge, the measured coefficients in the wall strips and 
beams were in every case smaller than any of the other coefficients. 
In the column strips at the interior column line?, there was no 
great difference between any of the four sets of coefficients. It has been 
pointed out before that the measured moment coefficients at section 5' were 
somewhat low. 
In the middle strips at the interior column lines, the measured 
moments agreed very well with the theoretical coefficients for the slab with 
no beams, although in one location the measured coefficient was about 10 per-
cent higher than the theoretical value. The design coefficients and the 
theoretical coefficients for the slab with beams were about 25 percent lower 
than the measured moment coefficients in the middle strips at the interior 
colunm line s . 
In the wall strips next to the shallow beam at the interior column 
lines, the measured coefficient agreed very well with the design coefficient 
and with the theoretical coefficient for the slab with beams at section 3, 
but was somewhat lower at section 5. As could be expected, the theoretical 
coefficient for the slab without beams was significantly higher than the 
other three coefficients. In the wall strip next to the deep beam at the 
interior column lines, the measured moment coefficients were much lower than 
· j 
I 
......I 
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any of the other three coefficients because part of the wall strip was assumed 
to act with the beam as a flange. 
In the column strips in the exterior bays, the measured positive 
moment coefficients were nearly identical to the theoretical coefficients for 
the slab with no beams. The theoretical coefficients for the slab with beams 
were only slightly less than those for the slab without beams. The design 
moment coefficients were approximately 10 percent less than the measured 
moment coefficients. 
In the middle strips in the exterior bays, the measured positive 
moment coefficients were about 30 percent higher than any of the other 
coefficients, except in the strips nearest the deep beams where they were only 
about 10 percent higher. The design coefficients and both theoretical coef-
ficients were nearly the same in each of the positive moment middle strips 
in the exterior bays. In the wall strips in the exterior bays, the measured 
positive moment coefficients agreed very well with the theoretical coefficients 
for the slab with beams. The other coefficients were somewhat highero 
In the interior bay; the measured positive moment coefficients for 
the slab showed very good agreement with the theoretical coefficients for the 
slab with beams, except in the middle strip nearest the shallow beam where 
the measured coefficient was about 70 percent higher than the theoretical 
coefficient. The design positive moment coefficients were lower than the 
measured coefficients in the column and middle strips except in the middle 
strip near the deep beam and higher than the measured coefficients in the wall 
strips. 
At every section the design moment coefficients for the beams were 
significantly higher than the measured moment coefficients. The ratio of 
design to measured moment at each section of the shallow and deep beams is 
shown in the table below. 
-102-
Ratio of Design Moment to Measured Moment in the Beams 
Shallow Deep 
Beam Beam 
I~ III 'r 1\ 3' Section 1 2 3 4 5 5' 6 7 
Shallow Beam 1,.63 1·36 1.24 1.61 2.60 1·50 1·31 1·50 4.34 
Deep Beam 2.62 1·79 1·35 2·33 3·50 1.75 1.21 2.08 2.10 
The theoretical moment coefficients in the shallow beam were 
generally considerably less than the measured coefficients. The exceptions 
to this were at the exterior edges, where the theoretical coefficients were 
quite a bit larger than the measured coefficients, and at the center of the 
interior span, where the two coefficients were nearly the same. In the deep 
beam, the theoretical and measured coefficients were nearly the same at the 
center of the exterior spans and at section 3'. At the other interior nega-
time moment sections, the theoretical moments were smaller than the measured 
values. At the two exterior edges, and at the center of the interior span, 
section 4, the theoretical moment coefficients were larger than the measured 
coefficients. 
9 . MOMENTS rn THE FLAT SLAB 
9.1 . Introduction 
In trulli chapter measured moments in the flat slab test structure, 
determined from measured steel strains in test 208, are presented and compared 
with the design moments as computed by the empirical method of the 1956 ACI 
Building Code. 
Moments are first discussed in terms of the total moment in each 
panel. "Static" moments were computed for each panel and compared with the 
measured and design total moments. 
The measured total moment in the column, middle, and wall strips, 
and in the beams, at column lines and panel centerlines are shown and compared 
with the design moments at those sections. 
9.2 Total Moments 
The total moments in individual panels of the flat slab are 
discussed in this section. Measured total moments are compared with design 
total moments and with computed values of the "static" total moment .. 
The measured total moments were determined from steel strains which 
were measured in the first test to design load on the flat slab (test 208). 
All nine panels of the flat slab were loaded in test 208. Moments were 
determined from measured steel strains by using the idealized moment-strain 
relationships which have been described in Chapter 6. 
The design total moments were obtained from the design calculations 
for the full-sized flat slab, from which the test structure was scaled down) 
and modified for the scale factor and for the actual total load which was on 
the test structure in test 208. 
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the total moments in the design calculations were calculated using 
the following expression: 
2 
Mo = 0009 WT-F (1 - t f) 
Equation 9.1 is based on a modified interpretation of Nichols' analysis for 
the total moment. The reaction is assumed to be uniformly distributed around 
the perimeter of the column. Thus, its centroid is at a distance g c from 
the column centerline. This is interpreted as a reduction in the span, the 
"effective span" being L(l - t c)o It will be remembered that the expression 
for the total moment given in the 1956 ACI Code is: 
M 
o 
( ~~) 0·09· WLF 1 - 3 L 
2 
For a c/L ratio of 0.20, which was the value for the flat slab) the terms in 
parentheses in E~s. 9.1 and 9.2 are as follows: 
0·723 
E~. 9.2 0·752 
If the expression given by the ACI Code for the total moment had been used, 
the design moments would have been four percent higher than those based on 
The t'static" total moments were computed on the as smpption that the 
shear was uniformly distributed around the perimeter of the columns. The 
assumption of concentrated shear was not used since it has been shown in 
Section 7.4 that the total moments computed on that basis were much too small. 
In the edge panels) the shear was assumed to be uniformly distributed around 
the interior face of the beams and the columns~ 
The design and measured total moments are given in the following 
table for each panel in the flat slab. The moments are given as coefficients 
of M/WL. 
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Total Moments 'in the Flat Slab 
Panel A B C D E F G H J 
Measured Mom. 0.112 0.085 0.113 0.114 0.087 0.132 0.112 0.083 0.130 
Static Mom. 0.101 0.094 0.'101 0.100 0.088 0.101 0.110 0.104 0.109 
De l:~;ign Mom. 0.100 0.071 0·096 0.113 0.066 0.107 0.102 0.071 0.114 
The measured total moments in the panels where the beam moments 
were included in the total moment were higher than either the design or static 
total moments in those panels. This was particularly true in panels F and J. 
In those panels, the measured total moments were higher than the largest 
static moment that could possibly exist in those panels. Possible reasons 
for the excessive moments in the panels which in'eluded beams were discussed in 
Section 7.4. The design total moments were nearly as large as, or larger than, 
the static moment in the panels which included beams in the direction of the 
span for which the total moment was computed. This is because in the empirical 
method of the 1956 ACI Building Code, the beams are designed without regard 
to the amount of moment carried by the slab in the panels of which they are 
a part. 
In panels Band H, the measured total moments were less than the 
static moment, and the design moments were even smaller, being about 85 per-
cent of the measured total moments. 
In the interior panel, panel E, the measured and static total 
moments were 0.087 and 0.088, respectively. The design total moment in the 
interior panel was only 75'percent of the static moment. 
The relationship between the measured total moment and the total 
load for each panel of the flat slab is shown in Figs. 144 to 152. The design 
total 'moment and the static total moment, assuming distributed shear, are 
aiso shown in the f.igure for each panel. 
, I 
-J 
-106-
In panel A (Figo 144)~ the measured total moment was about 10 per~ 
cent ,higher than the static total moment throughout the test. 
In panel B (Figo 145), the agreement between the meas~ed total 
'moment and the static total moment perpendicular to the shallow beam was very 
good up to a load of about 200 psf. Beyond that load, there was a relative 
decrease in the measured moment so that at the maximum load the measured total 
moment was about 10 percent less than the static moment 0 The design total 
moment in panel B was much less than either the measured or static total 
moment. 
The measured total moment parallel to the sr~llow beam in panel B 
(Figo 146) was about 12 percent higher than the static moment throughout the 
test. The design total moment was only slightly less than the static momento 
The measured total moment perpendicular to the shallow beam in 
panel C (Fig. 147) was very nearly the same as the design total moment through-
out the testo The static moment~ on the other hand, was about 10 percent 
lower than the measured total momento 
The measured total moment and the static total moment perpendicular 
to the deep beam in panel C (Figol48) agreed very well during the entire test. 
The agreement was particularly good at the maximum load. 
In pa~el E (Fig. 149), the interior panel, the measured total 
moment agreed very well with the static moment throughout the test. ~e 
design total moment was about 75 ~ercent of either the measured or static 
total moment at all stages of loading 0 
The measured total moment perpendicular to the deep beam in panel F 
(Fig. 150) was about 93 percent of the static moment up to a load of about 
160 psf. Above that load, there was a relative decreas~ in the measUred 
total moment 0 , At the maximum load, the measured total moment was only about 
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78 percent of ' the static moment. Even so) the design total moment was 
significantly smaller than the measured total moment at the maximum load. 
The measured total moment parallel to the deep beam in panel F 
(Fig. 151) agreed very well with the static moment up to a load of about 
120 psf. Above that load) there was a relative increase in the measured 
total moment, particularly above 200 psf. In Section 7.'4) this relative 
increase in the total moment in panels in which the moment in the beam 
contributed to the total moment in the panel was attributed to the effect of 
torsion on the strains measured in the longitudinal steel in the beams. 
In panel J (Fig. 152), the corner panel supported by deep beams, 
the measured total moment was about nine percent higher than the static 
moment at a load of 120 psf. Above that load, the difference between the 
measured and static total moments increased until at the maximUm load the 
measured total moment was 19 percent greater than the static moment. The 
design total moment was about five percent higher than the static moment. 
9.3 The Va:" iD. ~ ~O:1 of Moment in the Flat Slab 
1:1 t~:s section the measured and design moments in the beams and 
in the cc~~~~, ~iileJ and wall strips at colwun lines and at panel center-
line s are c :.>=;:.a ~e j . 
7he rxasu.:-ed moments in each panel of the flat slab for each load 
incre~n~ i~ tes~ 208 are given in Tables 27 to 44. The total moments in 
each col~~, ~:1~e, and wall strip at each positive and negative moment 
section are sho'Wn J as well as the positive and negative beam moments. The 
ACI Code empirical design moments at each of the above sections are also 
given for the maximum load in test 208. Two tables are given for each panel. 
The first of each pair of tables shows the moments at each section in kip-in. 
" 1 
~ 
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The second table for each panel shows the moment at each section as a 
percentage of the total moment in the panel. 
The measured moments in the flat slab at the maximum load in test 
208 are shown on a plan of the structure in Fig. 153. The moments are given 
as coefficients of M/WL. The coefficients are for moments in the north-south 
direction in the figure. The moments shown on the southwest half of the 
structure in the figure were actually measured in the east-west direction on 
the northeast half of the structure 0 They are shown as they are in the 
figure for convenience in tabulating. 
At the shallow-beam edge, the negative moment coefficients in the 
middle strips were 0.004 in panel A, and 00003 in panels Band C. The coef-
ficients in the column strips were 00020 and 0.021 at co~umns2 and 3, 
respectively. The coefficients were 0.006 in both wall strips and 00007 in 
both beams. 
At the deep-beam edge, the moment coefficients were in most 
locations considerably higher than. at the shallow-beam edge. The coefficients 
in the middle strips were 00011 in panel G, 0.007 in panel H, and 0.009 in 
panel Jo In the column strips, the coefficients were 00029 and 00027 at 
columns 14 and 15, respectively. The moment coefficient in the wall strip 
parallel to the shallow beam was 0.009 and that parallel to the deep beam 
was 000120 The negative moment coefficients in the beams were 0.009 and 00006 
in the shallow' and deep beams, respectively 0 
The negative moment coefficients in the middle strips at the 
interior column lines varied from 0.018 to 00023. The minimum values occurred 
in the middle strips nearest the beams and the maximum values occurred in the 
middle strips between the interior columnso In the collxmn" strips at columns 
6 and 7, the coefficients on the exterior side of the columns were 00044 and 
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00045.9 respect.ivelY;1 and the coefficient.s on the interior sid~ of calu1]Jlls 6 
and 7 'Were 00038 and Oo039J respectively 0 The moment coefficients in the 
column strips at columns 10 and 11 were lcn..,rer than those at columnE, 6 and, 70 
On the exterior side of COl.l.lIIh"J.S 10 and 11 the coeffici8nts were 00039 and 
00040.9 respecti"'lelYJ and they were 00037 on the interi,cr BiCiE ~,f beth c;~;)lu.mnso 
In the wall strips ~ the coefficients parallel to the stallo'w beam were 
approximately 00020, and the coefficients para.llel t.o the deep beam were 
000030 The coefficients para.llel to the deep beam were much smaller tba.n 
those :parallel to the shallow beam partly beca1J.se a par'ti,Dn of the wall strip 
adjacent to the deep beam was assumed to a~t with the beam 8.2 a flangeo 
The positive moment coefficient.s in the column and. middle strips in 
the exterior spans were nearly uniffJrID.o The r::cllUIlJn=strip coefficients ·~.;ere 
00022 and 00021 in the span adjacent to t.he sr.1.8.11ow beam,? a.D.d, they were 00020 
and 00021 in bay adjacent to the deep beaDlo The ayerage mid.d.le=strip coef= 
ficients in the exterior spans was 000180 The w.aximum v'alue '(.-las 00020 and 
the minimum value was 000160 The coefficients in the walL strips parallel to 
the d.eep beam \..7ere 00004 in pan.el C and 00003 J.n panel J 0 The coeff:L{~ients 
in the wall strips parallel. to the shallow beam were 00009 in paL~e,l A and 
00007 in panel Go 
The posi ti ve moment. coefficientr.; in the middle and r:;':Jlumn strips 
of the interior span were also nearly u..nifol'W,o The coefficients in th-3 
coll.l1Ilt2 strips l.Jere 000150 The coefficients .l.n thE:: roiQdle stripE. "Jere 00016 j 
00013,9 and 0002.5 in panels DJ E J and F.~ respee"!"·:l,ve.1.yo The wall,c·strip 
coefficients in the interior span were 00006 next to the 8ha.llow beam and 00002 
next to the deep beamo 
The moment coefficients in the spancLrel beams are shown in t.he tab.l.e 
below 0 
.j 
~ 
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tl ~ III I r I 71 Section 3 3 u 4 5 51' 6 
Shallow Beam 00007 00016 0.024 0.018 00008 0.018 0.022 0.014 0.009 , 
Deep Beam 0.007 0.022 0.052 '0.051 0.014 0.051 0.058 0.026 0.006 
The design moment for each of the design sections at the column 
lines and' the panel centerlines are shown on a plan of the flat slab in 
Fig. 154. The moments are shown as coefficients of M/WL. 
The design and measured moment coefficients are shown together on 
Fig. 155. The coefficients for the total moment in each of the beams and in 
each of the wall, middle, and column strips at column lines and at panel 
centerlines are shown. All of the moments are given as coefficients of M/WL. 
The measured moments are for the maximum load in test 208. 
At the shallow-beam edge, all of the measured moment coefficients 
were smaller than the design coefficients, except in the wall strip parallel 
to the deep beam. In the middle strips, the measured moment coefficients were 
less than r~lf as :a~ge as the design coefficients. In the column strips, 
the measured coe!"!':..c::'ents were about 70 percent of the design coefficientso 
At t.te deep-beam edge, the measured moment coefficients in the 
middle strips .e~e smaller than the design coefficients, whereas in the column 
strips the measured coefficients were larger than the design coefficients. 
In the s hall m .. · t;ea:: a.nd in the wall strip parallel to it, the measured coef-
ficients were scaller than the design coefficientso This was also the case 
in the deep beam. However, in the. wall strip parallel to the deep beam, the 
measured moment coefficient was much larger than the design coefficient. 
In the column strips at the interior column lines, the measured 
moment coefficients were as· much as 20 percent higher than the design 
-111-
coefficients" In the middle strips at the interior column lines, the measured 
moment coefficients were in every case much higher than the design coefficients. 
The maximwn difference was in the middle strips between the interior columns, 
where the measured coefficients were more than twice as large as the design 
coefficients.' The minimum difference was about 60 percent. There wa's very 
little difference between the measured and design moment coefficients in'the 
wall strips parallel to the shallow beam at the interior column line. However, 
in the wall strip parallel to the deep beam, the design coefficient was about 
three times as large as the measured coefficient. This difference was due in 
part to the fact that a part of the wall strip next to the, deep beam was con-
sidered to act with the beam as a, flange in computing the measured moments. 
In the exterior spans, the measured positive-moment coefficients 
in the column strips were on the order of 30 percent greater than the design 
coefficients. In the middle strips of the exterior spans, the measured 
coefficients were about 40 percent larger than the design coefficients. In 
the wall strips, the measured and design coefficients were nearly the same 0 
In the interior span, the measured 90sitive-moment coefficients in 
the colur;. s :.rips were about 15 percent greater than the design coefficients 
and the rneas~red coefficients in the middle strips were on the order of 
50 percent greater than the deSign coefficients. There was very little dif-
ference bet~een the measured and design coefficients in the wall strips of 
the interior span. 
The agreement between the measured and design moments at the 
positive moment sections of the deep and shallow beams was good. The greatest 
differences occurred at the midspan of the interior span in both the deep and 
the shallow beams. In the shallow beam at the interior column line, the agree-
ment between measured and design coefficients was also good. However, at the 
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interior column line in the deep beam, the measured moments were much higher 
~, 
than the design moments., In Section 7.4, the high negative mome~ts in the 
deep beams at the interior column lines were attributed to the effect of 
torsion on the measured steel strains in the longitudinal beam steel. Since 
the part of the measured steel strain due to flexure alone could not be 
determined, the moments computed on the basis of the measured steel strains 
cannot be compared with the design moments. 
10. STRENGTH ANALYSIS 
1001 Introduction 
An evaluation of the strength of the two test structures discussed 
in this report is important, not because the computed or observed strength 
of the two structures has general application to other structures of the same 
general type, but because a comparison of the computed and observed strengths 
of the two structures is indicative of the reliability of known methods of 
analysis in predicting the strength of relatively complex slabs. The ratio 
of the computed or observed ultimate load to the working load for either of 
the two structures cannot be considered as the factor of safety for flat slabs 
of flat plates in general. Although the design procedures used for both 
structures was -typical", the'structures cannot be considered as "typical tl 
because they represent only a particular arrangement of panels of, a particular 
shape, and with particular edge conditions. Because the current ACI Code 
provisions for the design of flat slabs do not provide for a consistent factor 
of safety for all types of panels, the factor of safety of any particular flat 
slab depends upon the number and arrangement of the panels and on the presence 
of beams and wall loadso This should become evident in the course of the 
following discussion. 
Slabs which are supported directly on columns with or without drop 
panels or capitals are in many ways ideal structures from the point of view 
of structural behavior and construction. However, they have two inherent 
weak links: the transfer of shear and moment to the columns. Usually the 
problem of shear transfer is encountered at the interior columns and that of 
moment transfer is encountered at the exterior columns. In the following 
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discussion) the flexural strength of the structures is evaluated independently 
of these effects. Each of these effects is discussed in the course of 
analyzing the stre~gth of the structure in which it was critical. 
The strength of the flat plate and the flat slab was computed by 
the yield-line theory (19). In applying this theory, the yield moment was 
based on the straight-line formula: 
where 
M = A f jd y s y 
A = the cross-sectional area of the reinforcement, 
s 
f = the yield stress of the reinforcement, y 
jd = the effective internal moment armo 
For under-reinforced sections, the choice of the 19u1timate 91 moment versus 
the yield moment is largely a matter of taste. Quantitatively, there is very 
little difference between them. The mechanical properties of the slab and 
beam reinforcement is discussed in Section 3.3. In determining the value of 
the effective internal moment arm) the modular ratio was assumed to be 10 at 
all sections. This assumption does not affect significantly the value of the 
yield IDOment. 
The s~rain hardening of the reinforcement was neglectedo In neither 
test structure were any of the measured steel strains in the strain hardening 
range. 
10.2 Analysis of Flexural Strength 
. Two possible failure mechanisms for the two test structures are 
shown in Fig. 156 and 15'10 Mechanism 1 in Fig. 156 involves the failure· of 
the slab only while Mechanism 2 in Fig. 157 involves the yielding of the beams 
along with the slab. 
-, 
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Mechanism 1 is shown ideally in Fig. 156. It involves the··flexural 
failure of the structure in the exterior panels only. Negative moment yield 
lines are indicated by solid lines and positive moment yield lines are 
indicated by broken lines. Positive moment yield lines occur parallel to the 
'edges near midspan and extend between the centers of the corner panels and 
from the centers of the corner panels to the corner columns. Negative moment 
yield lines occur around the edge, around the perimeter of the interior panel, 
and from the interior columns to the centers of the respective corner panels. 
Mechanism 2, shown in Fig. 157, represents the failure of the whole 
structure, including the slab and the beams, in a strip of three panels o 
Ideally, in an isotropic slab, yield lines would form in orthogonal directions 
also. However) this is ~uite unlikely to expect in an actual slab which is 
bound to be weaker in a given direction. 
For both of the above mechanisms) the minimum failure load was 
obtained by assuming that the negative moment yield lines were located at the 
centroid of the reaction. In Chapter 7 it was found that the best correlation 
between momerrtsdetermined from measured column reactions and from measured 
steel strains was obtained by assuming the shear to be concentrated at the 
corners of the supports in the flat plate and uniformly distributed around 
the perimeter of the supports in the flat slab. Conse~uently, those assump-
tions were used for the flat plate and the flat slab in locating the negative 
moment yield lines. For the flat plate, the negative moment yield lines were 
assumed to be straight lines located at the face of the columns. In the flat 
slab, a straight negative moment yield line located at the centroid of the 
reaction would have cut across the column capital, which provided a greater 
moment capacity for the steel crossing it. A lower failure mode was obtained 
by assuming the negative moment yield line to be located at the centroid of 
the reaction between the capitals and at the face of the capitals at the 
capitals. 
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10.3 C~sParison of Computed and Observed Ultimate Loads 
(a) The flat plate--The minimum computed ultimate load for the 
flat plate was 320 psfo This value was obtained for Mechanism 1. The computed 
ultimate load for Mechanism 2 was 400 psf. The measured load in the test to 
failure was 360 psfo This was 112 percent of the computed load. When it is 
considered that the flat plate actually failed in shear through punching of 
one of the interior columns and could have carried more load had this shear 
failure not occurred, it appears that some explanations are necessary. 
The discrepancy between th~_ measured and computed loads may be 
ascribed to one or more of the following causes: 
(a) Error in the estimate of the yield stress of the reinforcement 
(b) Strain hardening in the reinforcement 
(c) Changes in the effective span of the slab during loading 
( d ) Arching of the loading eC1.uipment 
(e) Effect of deformations 
The average yield stress of the reinforcement used in the analysis 
was based on extensive sampling of the stock used in the test slab. Although 
individual strengths could have varied significantly from the assumed value 
of 3607 ksi, it was quite unlikely that the average strength of the. reinforce-
ment would be off as much as ten percent. At the time the structure was 
carrying 360 psf, all the strains measured in the slab indicated that none of 
the slab reinforcement had undergone strain hardening. In the analysis of 
the flat plate} the centroid of the reaction was assumed to be at the corners 
of the reactions. Therefore, it was C1.uite unlikely that the span would be 
further reduced during the test. If it had been assumed that the shear was 
distributed uniformly around the column, then as the slab rotated around the 
column, it could be that the center of the reaction would shift towards the 
J 
"I 
I 
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face of the column. The loading apparatus was determinate. As proven by 
tests on the load equipment itself, there was very little friction in the 
system, and an increase in the load capacity on the order of 10 percent of 
320 psf could not be ascribed completely to effects of arching in the loading 
equipment especially since the deflections at the maximum load of the flat 
plate were relatively small. 
The effects of large deformations re~uire special considerations. 
They can be divided into two mutually exclusive effects, "Dome action" and 
"Membrane action n • 
Figure 15'8 shows the equilibrium conditions for a strip of the slab. 
In the ordinary analYSiS, it is assumed that the moments generated by the 
applied load are kept in e~uilibrium by the internal moments generated by 
the forces T and C with the internal moment arm jd. However) if the compres-
sive forces C are larger than the tensile forces T, a "collateral archQ may 
be formed within this member which may help carry part of the load. The 
thrust line of the collateral arch is indicated by the broken line. This 
type of action has been observed in thick under-reinforced slabs bounded by 
horizontally stiff members. However, it is ~uite unlikely that this would 
have contributed significantly to the increased load-carrying capacity of the 
plate, since at the time the slab was carrying 360 psf, the deflection of the 
strips were such that the two compressive forces C were almost at the same 
horizontal level and could thus not contribute greatly to the vertical load 
through a thrust line as indicated in Figure 157. 
On the other hand, it is conceivable. tr~t the tensile forces may be 
larger than the compressive forces. In fact, the compressive force at midspan 
Ci could be zero because of large deformations in which case a ficollateral 
membrane" could be created. For an extreme idealization of this problem, it 
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can be assumed that both forces C are zero in which case the resisting moment 
is generated by the product of the tensile force T times the distance between 
the two equal tensile forces, which could be considerable 0 However, it must 
be pointed out that this would not be a pure membrane since the rib of the 
membrane itself would have to carry some shears. 
Very clear indications of this type of action~re observed in tests 
on a two-way slab by W. L. Gamble (4)0 Also, in the testing to failure of the 
interior panel of the flat slab, it was observed that the tensile cracks 
progressed throughout the height of the slab indicating the absence of COID-
pressive forces in the middle portion of the loaded slab. Thus, it can be 
said with certainty that if the flat plate had not failed in shear by punching 
through of one of the interior columns, it might have carried significantly 
higher loads through this collateral membrane action, assuming that there were 
no detail failures. However, the deflections in the flat plate at failure 
were not large enough for the collateral membrane action·to have come into 
play to the extent of increasing the load by 10 percentG 
The difference between the computed and observed failure-loads 
cannot be attributed to any one of the above factors alone. However, a 
combination of factors working together could explain the difference. 
It can be said categorically that the computation of the flexural 
strength of a flat plate does not possess significance unless it is shown 
that the "Shear Strength" of the same slab is greater than its flexural 
strength. Thus it is necessary also to compute the shear strength of the test 
structure. This is a point where it may be unfair to test the sucCess of 
analyses based on full-sized structures, since our knowledge of the shear 
strength of slabs or beams is still not completely digested. 
The test structure was cast using a small size aggregate concrete. 
The tensile strength of this concrete compared to its compressive strength 
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is considerably greater than that for ordinary concrete. Consequently, it 
would be expected that the wshear strength- of the test structure would be) 
if interpreted in terms of the compressive strength, greater than that of a 
corresponding full-sized structure. However, there are complicating factors. 
It would be correct to assume this relationship if the shear strength were 
based strictly on the formation of the inclined crack as in the case of beamso 
However) it has been stated explicitly in the analyses of the shear strength 
of slabs. that the inclined crack forms at about 50 to 70 percent of the rated 
ultimate capacity 0 The difference between the formation of the inclined 
crack and the ultimate load of the slab may depend quite critically on 
aggregate interlock. In a small size aggregate concrete, it would be logical 
to expect less aggregate interlock than in a concrete having large and angular 
aggregate. Therefore, there are two conflicting effects which make it rather 
difficult to project from the test slab to full-sized structures. Nevertheless, 
an effort was made to. interpret the observed strength in shear of the test 
structure in terms of the formula proposed for full-sized structures. 
After an exhaustive study of his own and other tests, Moe (20) has 
proposed the following formula for predicting the shear strength of slabs. 
v 
u 
b the perimeter of the column 
d the effective steel depth 
r = the length of the column side 
ff = 
C 
~o = 
the concrete cylinder strength 
the ratio of the shear capacity to the flexural 
capacity, in this case assumed to be one 
Prior to Moe's work, Elstner and Hognestad (2l) had proposed the 
following formula. 
(10.1) 
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where the notation is the same as for E~o 10.1. 
Recently, .. the ACI-ASCE Committee 326 on shear and diagonal tension 
has proposed the following formula for tiultimate strength design,n. 
v = 4bd ft! 
u c 
In the above formula; the width of the parameter b is taken at a 
distance d/2 from the column face. 
The ultimate load capacity of the interior column as limited by the 
shear-strength of the slab- according to the expressions above are as follows~ 
E~o 10.1, 9.25 kips 
E~o 1002, 1400 kips 
The measured vertical reaction at Column 7 when the punching failure 
occurred was 7.5 kips. This is considerably short of even the minimum load 
indicated above by Eq. 10.1. However, all of the quantities computed by 
Eqo 10.1 through 10.3 are based on the assumption that there are no bending 
moments transferred to the column from the slab 0 In the test structure, the 
column was subjected to a bending moment in addition to the axial-loado To 
take care of the Situation, Moe has proposed the following formula. 
where P = 
0 
e 
r = 
13 = 
p 
p = ___ 0_ 
e 
1 + 3~ r 
the shearing capacity given by Eq. 10.1 
the eccentricity of the load 
the length- of the column side 
a constant determined from MoeYs tests, 
case assumed to be 1/3 
in this 
-, 
J 
I 
I 
-l 
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The shearing strength computed from Eq. 10.4 using tIre measured 
horizontal column reaction at Column 7 is 8.1 kips. The measured load corre-
sponds to 93 percent of this capacity which is not a very unfavorable com-
parison considering the degree of scatter involved in any test of the shear 
strength of beams or slabs. 
(b) The flat slab--The minimum computed ultimate load for the flat 
slab was 565 psf. This was obtained from Mechanism 1 shown in Fig. 156. The 
ultimate load computed for Mechanisms 2 was 645 psf. The measured load in the 
flat slab at failure was 550 psf. 
It was mentioned in the first section of this chapter that flat 
slabs have an inherent weak link in the transfer of moment from the slab to 
the exterior columns. In fact, the columns themselves can be weak links in 
the structure as a whole, as they were in the test structure. The reasons for 
this weakness have been given in Section 3.20 It was mentioned in Section 5.4 
that it was necessary to "prestress" the side columns of the flat slab prior 
to the test to failure because of the damage to them in previous tests. In 
Fig. 159 are shown interaction diagrams for the side columns of the flat slab 
with and without the prestressing clamps which were applied before the test 
to failure. A curve showing the relationship between the measured vertical 
reaction and the moment caused by the measured horizontal reaction for the 
side columns in the test to failure is also shown. The moment in the side 
columns during the test did not exceed the flexural capacity of the ··prestressed if 
columns) but the flexural capacity of the columns without prestressing was 
exoeeded. In Section 5.4 it was noted that the prestressing clamps had come 
loose from columns 14 and 15, the side columns in the strip where failure 
occurred. Consequently, it can be concluded that the failure load would have 
been higher if the columns had been stronger. 
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Even with columns which,are sufficiently strong, the moment capacity 
of the edge may be less than too t provided for the. slab steel which frames 
--
into the beams and columnso In Fig. 160 is shown a plan and section of the 
area around an exterior columnG On the plan is shown a heavy line which 
describes a semi-circle around the column. All of the moment resisted by the 
slab reinforcement must be transferred to the column through this semi-circle. 
The flexural strength of the discontinuous edge may be limited by the strength 
....J 
of the section cut by the semi-circl~ rather than by the flexural capacity of 
the slab reinforcement. The strength of this section is derived partly from 
the beams in torsion and partly from the direct transfer of moment from the 
slab to the column across the capital. 
Too little is known about the strength of beams subjected to 
- . " 
combined bending, shear and torsion to justify attempting an evaluation of the 
strength of the beau~ in the test structureso Failure of the deep beams in 
the test structu:e due to the above combined effects appeared to be imminent 
in the test to ~a:lure. 
A f~~thcr difficulty is encountered in transferring moment directly 
to the col~s t~:cugh the capitals. The total moment which must be trans-
ferred in th:. ~ r.n:-.:~e:- is due not only to the moment resisted by the slab steel, 
but also due to the rno::lent caused by the shear carried by the capital 0 These 
combined effect[ are sho_'n on the section in Fig. lESq.. Under the influence 
of that moment, the slab steel may yield at a point A in the figure thus pro-
ducing a very w:'de c:-ack through the column. This particular problem is 
encountered whether the column is continuous or discontinuous. If the slab 
steel is anchored as shown at B in the section, the crack may form behind the 
slab steel as shown. The detail of the connection of the slab and beams to 
the columns is very important and demands the, careful attention of the 
designer. 
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10.4 Strength of the Interior Panels 
The flexural strength of the individual panels of the two test 
structures was not uniform. This is, indicated, by the design total moments 
for the individual panels which are discussed in Chapters 8 and 9 for the 
flat plate and flat slab, respectively. This of course neglects the weak 
links of moment and shear transfer to the columns. Since the design total 
moment was the lowest for the interior panels of the two structures, it is 
expected that the ultimate loads for these panels would be lower than those 
for the exterior panels. However, the interior panels could not ~ail by 
themselves. Their strength was effectively increased by the presence of 
stronger panels around them. Even so, a consideration of the strength of the 
interior panels is not entirely academic. If the interior panel was one of a 
large number of identical interior panels, the strength of the interior panel 
would effectively limit the strength of the structure as a whole. 
The ultimate loads for the interior panel of the two test structures 
were cOr;jputed on the basis of a mechanism similar to that shown in Fig. 157. 
The mechanism consists of three parallel yield lines) one at each support and 
one at o:d~pan. The negative moment yield lines were located in the positions 
descr~tej in the preceding section. 
~he computed ultimate load for the interior panel of the flat plate 
was 27C The ratio of the computed ultimate load to the design load was 
1.74. The ~r.terior panel of the test structure was not a typical interior 
panel. Because the supports were the first interior column lines of the 
structure, more negative moment steel was provided than would be required in 
a typical interior panel. The computed ultimate load for a typical interior 
panel would be 245 psf which is only 1.58 times the design load. 
J 
The computed ultimate load for the interior panel of the flat slab 
test structure was 460 psf and that for a typical interior panel was 435 psfo 
The rati.os of the computed ultimate loads to the design load are 1.62 and 
1.53 for the interior panel of the test structure and a typical interior panel, -J 
respectively. 
11. DESIGN CONSIDERATIONS 
1101 Introduction 
One of the primary objectives of this investigation is the 
development of a consistent design procedure for all types of reinforced 
concrete fioor slabs spanning in more than one direction. At this stage 
of the over-all investigation, further study of the data on two-way slabs is 
necessary before such a design procedure can be proposed. However, some 
aspects of the present design methods for flat slabs should be given considera-
tion here. 
A flat slab is a natural structural application for reinforced 
concrete. However, because of the traditional use of timber and steel, in 
which the load was transmitted from slab-to-beam-to-girder-to-column, concrete 
was first used in the same wayo Thus, flat slab construction had to be 
invented after many years of use of reinforced concrete in structures, rather 
than being developed as an obvious application of this material. However, 
after its invention by Co Ao Po Turner, the profession was quick to perceive 
its advantages. The flat slab did not remain a patented special structure 
for long. Because its use became widespread almost overnight} an acute need 
developed for uniform design procedureso After many fits and starts) design 
provisions were formulated in the ACI Building Code in 1920 and these have 
remained essentially unchanged up to the present. The design provisions as 
originally conceived were based on a number of load tests on flat slab 
buildings prior to 1920. (These tests have been discussed in Chapter 2)0 
However, it would seem that the basic requirements of the present provisions 
(ACI 318-56) are based on previous codes} that is, on tradition, and on a 
fifty-year record of satisfactory service. Although such a record is admirable, 
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parts of the present code should not be justified on that basis alone. In 
view of the increasing tendency toward "ultimate strength design~ in the 
United States, a re-examination of the provisions for the design of flat slabs 
would seem to be in order. 
A historical review of the provisions for the design of flat slabs 
in the ACI Building Codes from 1910 to 1956 is presented in Section 11.2 as 
well as a summary of current practice in some EUropean countries. The flat 
slab provisions in the 1920, 1928, 1936, 1941 and 1956 ACI Codes are presented 
in Appendix D. The flat slab provisions of the 1957 British Code, the 1960 
German Code and the 1960 French Code are also included. 
The discussion of design considerations is in Section 11.3 
1102 Historical Review 
The first building code for reinforced concrete in the United States 
was published in 1910. This code had no reference to flat slab construction, 
since the first flat slab building had been constructed only four years 
previously in 1906. 
At the ACI Convention in 1916, a proposed revision to the 1910 code 
was presented by the building code committee. That proposed revision included 
one brief paragraph concerning flat slab floors. The Architect or Engineer 
was required to justify his design, and the building was to be tested in 
accordance with the provisions of the code and had to meet the approval of 
the Superintendent of Buildings. 
A second revision was proposed to the 1917 ACI convention. This 
revision contained much more detailed provisions for the design of flat slab 
floors and was essentially the-same as the provisions finally included in the 
1920 ACI Code (Appendix D). 
I 
~ 
~-
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The 1920 ACI Code required that individual interior panels ·of flat 
slabs be designed for a total moment 
where 
w 
q 
c 
(11.1) 
= span in feet center-to-center of columns parallel to sections 
on which moments are considered 
span in feet perpendicular to sections on which moments are 
considered 
= total dead and live load in pounds per square foot 
= distance from centerline of column to the center of gravity of 
the periphery of the half capi tal divided by 2:. co For round 
2 
capitals .q mRy be considered as two-thirds and for square 
capitals as three-fourths. 
average thickness of column capital in feet at the plane where 
its thickness is 1-1/2 in. 
The total moment given by Eq. 11.1 was to be divided between negative and 
positive moment sections as followso For slabs without drop panels a minimum 
of fifty percent of the total moment was to be resisted by the negative moment 
sections and thirty percent by the positive moment sections. For a slab with 
drop panels, sixty percent of the total moment was to be resisted by the 
negative moment sections. The remainder or the total moment was to be dis-
tributed between the various sections \'las required by the physical details and 
dimensions of the particular design employedti 0 
At the 1925 ACI Convention the Joint Committee Report (26) was 
presented. The proposed revisions of the Building Code, which were based pri-
marily on the Joint Committee Report, were also presentedo The revisions 
presented to the 1925 convention were adopted, essentially unchanged so far 
as the flat slab provisions were concerned, as a Tentative Standard in 19280 
Although it was rearranged somewhat, large portions of the 1928 Code provisions 
for flat slabs were identical to the 1920 Code. The expression for the total 
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moment was altered to 
2 
MO = 0.09 WL (1 - ~~) 
Where the notation is the same as in the 1920 Code with the exception of W 
which is the total load on the panel consideredo Thus, the distinction 
between round and square capitals was eliminated in the 1928 Code, and the 
above expression has "remained essentially unchanged in each code to the 
present time. The provisions for the distribution of the moment given by 
Eqo 1102 was also changed iri the 1928 Codeo For slabs with drop panels, the 
negative moment sections were to resist 65 percent of M and the positive 
o 
moment sections 35 percent. For slabs without drop panels, the negative 
moment sections were to resist 62 percent of M and the positive moment 
o 
sections 38 percento Thus, the designer was given no leeway in the manner in 
which he assigned the moment to "the various sections as he bad been permitted 
in the 1920 Code. 
way reinforcement. 
The above distribution of moments was for slabs with two-
A different set of coefficients of M was given for slabs 
o 
with four-way reinforcement. 
Although the text of the prOVisions for the design of flat slabs was 
revised extensively in the 1936 ACI Code (Appendix D), it was essentially the 
same as the 1928 Code in its major features. The expression for M and the 
o 
distribution of moment in the interior panel was unchanged 0 Specific moment 
coefficients for the design of exterior panels were included for the first 
time 0 The length and points of bend of the reinforcement were also specified 
in detailo 
The provisions for the design of flat slabs in the 1941, 1947 and 
1951 ACI Building Codes were all essentially the same. The 1941 Code 
(Appendix"D) contained for the first" time provisions for the design of flat 
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slabs as continuous frameso Also, for the first time since the inception of 
the Build,ing Codes, no provision was made for four-way reinforcement in flat 
slabs. The expression for M was unchanged from the 1936 Code and the moment 
, 0 
coefficients for interior and exterior panels were also essentially the same, 
although the marmer in which they were presented was altered somewha t~. 
The 1956 ACI Code was rewritten and rearranged with respect to the 
1951 Code, but it was essentially the same in its provisions so far as the 
value of M and the distribution of M to the various parts of the panel were 
o 0 
concerned. 
The distribution of the total moment for which interior and exterior 
panels were designed to the various parts of the panels is compared in 
Table 45 for the ACI Codes from 1920 to 1956 and for the British Code of 1957 
(27) and the C~rman Code of 1960 (28). Values for the 1947 and 1951 ACI Codes 
are not shown because they were identical to the 1941 Code. In the 1920 Code, 
the coefficients for the distribution of M to the various sections of the 
o 
panel did not add up to oneo The apportionment of the difference between the 
sum of the prescribed coefficients and one was left to the discretion of the 
designer. In the 1928 ACI Code, the coefficients for the distribution of M 
o 
to the various sections of the interior and exterior panels were firmly 
established) with no leeway being given to the designer, and they were essen-
tially unchanged until the publication of the 1956 ACI Code. Prior to 1956 
no distinction was made in specifying the coefficients as to the amount of 
restraint provided by a discontinuous edge. In the 1956 ACI Code, this dis-
tinction was made. Different coefficients were specified for the moment at 
the discontinuous where the edge was supported on beams with a total depth 
equal to 1-1/4 times the slab thickness or on beams with a total depth equal 
to three times the slab thickness. Coefficients for the moment at an edge 
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supported on beams of intermediate depth were to be found by interpolation.' 
Different coefficients were also specified for slabs which were supported by 
masonry bearing walls which offered negligible restraint. 
The moment coefficients specified by the 1957 British Code were the 
same as those specified in the 1951 ACI Code with one exception. In the 
British Code, the negative moment coefficients at the first interior column 
lines were the same as at any interior column lineo In the ACI Codes since 
1941, the moment coefficients specified for the first interior column line 
have been larger than those at an interior column line more than one bay 
distant from an edge. The.expression for M in the British Code is slightly 
o 
different from that in the ACI Code. It is 
M ML2 (L . _ 2D) 
o = 10 1 3 
Although the notation is slightly different the only difference between the 
expressions in the British and American codes is that the coefficient of the 
right-hand side of the expression is 0.1 in the British Code and 0.09 in the 
American Code. The symbolD is the dimension of the capital in the direction 
considered. 
The German Code approaches an wempirical design method" in a manner 
which is quite different for the British or American Codes. Expressions for 
the moment at positive and negative moment sections in the column and middle 
strips of interior and exterior panels are given. These expressions are 
independent of the column or capital dimension. A distinction is made between 
permanent and superimposed loads in computing moments at positive moment 
sections. This distinction has the effect of designing positive moment sections 
for partial loading. The coefficients shown in Table 45 were' obtained by 
assuming t~~.superimposed load to be zero. For exterior panels, the discontinu-
ous edge is assumed to be simpl~ supported. If the support is such that 
I 
...J 
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restraint is provided, the positive moments may be reduced by 20 percent, 
but no expressions are given for the moments at the discontinuous edge 0 The 
moment coefficients obtained from the German Code for an interior are 
nearly identical to those specified by the American and British codes. 
However, they are coefficients of a larger total momento If the effect of 
partial loading is neglected, the total moment for which an interior panel 
must be designed according to the German Code is approximately equal to the 
total static moment for an interior panel with a clL ratio of 001. 
It should be pointed out that the above comparisons of the various 
ACI Codes and the British and German codes were made only in terms of the 
total moment for which individual panels must be designed and the manner in 
which that total moment is distributed. For more detailed comparisons, the 
reader is referred to the codes themselves in Appendix Do 
11.3 Design Considerations 
As in any other structure, a flat slab or a flat plate should meet 
two design criteria: It should have adequate strength and it should behave 
satisfactorily under service loads. 
The criterion of adequate strength can be met by using yield-line 
analyses for static loading and checking to make sure that shear and moment 
can be transmitted to the supporting columnso A consideration of the ability 
of a slab to resist a punching failure is beyond the scope of this report. 
This particular problem has been studied by Moe in Refo 20. The problem of 
the transfer of moment to the exterior column has been discussed briefly in 
Section 10030 The strength of beams under the combined effects of flexure, 
torsion and shear also enters into this problem. A satisfactory analytical 
treatment of the behavior of beams under such conditions is not yet availableo 
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Serviceability criteria are somewhat arbitrary and cannot be 
anticipated for every possible structureo They may include considerations 
involving durability, water-tightness, and even coloro Usually, the primary 
considerations are cracking and deflection under short- and long-time loadingso 
In the realm of the present state of knowledge about the behavior of rein.;. 
forced concrete structures, the problems of cracking and deflection cannot be 
handled explicitly even for beams. In the United States, the practice has 
been to limit deflections and cracking indirectly by limiting working stresses 
and, for slabs, slenderness ratios. Since there has not been any major 
breakthrough in the knowledge on time-dependent deflections and crack-widths, 
it should still be a satisfactory solution to limit working stresses. To do 
this economically, the reinforcement should be distributed roughly in 
accordance with the elastic moment distribution. 
In review then, the amount of reinforcement should be based on the 
criterion of strength, and the distribution of the reinforcement should be 
based on the expected moment distribution at working loads in order to satisfy 
the criterion of serviceability 0 The -empirical methodH of the ACI Code does 
essentially these two things. Although provision for strength is not explicitly 
made, the equation for M was arrived at on the basis of the observation of 
o 
load tests and a factor of safety which was concluded from those tests. 
Furthermore, the distribution of the reinforcement is made in accordance with 
the expected distribution of momento 
Without going into the question of the range of applicability of the 
empirical method at this stage, certain considerations can be discussedo The 
question of the value of"M is the first and most obvious consideration. 
o 
According to ACI 318-56, a continuous beam is designed at each section for the 
pattern of loading which produces the maximum moment at that sectio~ As a 
I 
...J 
--
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result, continuous beams, and two-way slabs also, may be designed for as 
much as 123 percent ·of the static moment. This practice is almost universally 
accepted as the engineering profession. In contrast to this, the practice of 
designing flat slabs for as little as 72 percent of the static moment has also 
had wide acceptance, at least in the United States. It was originally argued 
that flat slabs were different from beams and that the static moment for flat 
slabs actually was less than for beams (see Section 2.3). It is hoped that 
this argument is no longer a live issue. However, 50 years of satisfactory 
service is in itself a rather good argument in favor of the existing practice. 
On the other hand, there are very good arguments for a change in 
the value of M. The most compelling argument can be made on the basis of 
o 
ade~uate strength. It was shown in Section 10.4 that typical interior panels 
of structures having a large number of panels with the same dimensions and design 
loads as the test structures would have a factor of safety on the order of 
1.55. Edge panels of a flat slab designed according to the ACI Code would 
have a larger factor of safety. In fact, they may be designed for more than 
the static ~o~r.~. 
7nc e:fect of partial loadings should also influence any consideration 
of the va~ue 0: M for which a flat slab should be designed. Such effects are 
o 
a functlcn c~ :re ratio of live load to dead load, colllinn and beam stiffnesses, 
and the re~3"'. 'ie .iengths of adjacent spans. The effect of partial loading on 
the momen:s .:-. :.~ n:'ne-panel flat plate with infinitely rigid columns analyzed 
at the Un: ve :-~, . . -.J' of Illinois and reported in Ref. 18 and 29 are given in the 
table below. ;he moments are given as coefficients of M/WL. The maximum 
increase in the moment due to strip loading was in the interior span. There, 
the ratio of the moment due to strip loading to that due to uniform loading 
was 10·24. In Ref 0 30, Appleton showed the effect of partial loading to be 
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Effect of Partial Loading on Moments 
Positive Moment Negative Moment 
All Panels Loaded 
Strip Loading 
Exterior Span 
0.044 
0.048 
Interior Span 
0.037 
0.046 
0.068 
0.069 
even more severe. In view of the possibility of an increase of this magnitude 
in moments at a given section due to partial loadings, design for at least the 
full static moment would appear to be mandatory. 
In evaluating the total moment, either the iiexactii static moment 
could be computed or the total moment could be computed using the approximate 
expression below. 
2 + 
cl 
WLI c1 c2 ) M = 8 (1 Li 0 cl 1 + 
(11.4) 
c2 
where w = the total load on the panel 
.. 
Ll = the span in the direction considered 
c1 = the support dimension in the direction of Ll 
c2 the support dimension perpendicular to Ll 
For round columns, the value of c should be taken as 0.88D, where D is the 
diameter of the column. The above expression is a variation of one proposed 
by Appleton in Ref. 3Q. A comparison of the values of M obtained from 
o 
Eqo 1l.4 and the. "exact- static moment for various clL ratios is shown i~ 
Fig. 161 . 
. The next consideration is the distribution .. of the reinforcement to 
the various sections of the panel. As stated above, the reinforcement should 
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be distribllted approximately in accordance with the expected distribution of 
moment 0 Experimental and analytical sources should both be used as guideso 
Factors which could affect the distribution of moment are the clL ratio and 
the shape of the panel. The effect of those factors on the distribution of 
moment between positive and negative moment sections has been discussed by 
Corley in Refo 290 Ho Mo Westergaard (31) showed that for a slab with rigid 
supports)' variations in clL bad little effect .on the distribution of momento 
On the other hand)' Lewe (32) showed that for a slab with flexible supports)' 
variations in elL did affect the distribution of moment between positive and 
. negative moment sections. An actual structure would represent a case inter-
mediate between the cases considered by Westergaard and Lewe. Since the dis-
tribu.tions in the two test structures.9 with e!L ratios of 001 and 0.2), were 
much closer to those given by Westergaard), it will be -assumed that the effect 
of .e/L on the distribution of moments can be neglected 0 
The shape of the panel does have an effect on the di::.tribution of 
moment bet~een column and middle strips (29). As the ratio of length to width 
increases
J
" the moment across the short side becomes more uniform and that 
8,::.;ross the long side tends to be concentrated near the column 0 A simple method 
for handling this problem is to define the width of the column strip in both 
directions as half the length of the short spano 
The edge condition of a structure is another factor which must be 
given consideration in discussing the distribution of reinforcemento The 
p~esent ACI 8~e provisions differentiate between edge conditions on the basis 
of the ratio of beam depth to slab thickness. The use of this as a criterion 
resulted in the provision that the middle strip at the discontinuous edge of a 
slab supported on a relatively deep beam be designed for more moment than the 
middle strip at an interior COll~ line. Whereas this may seem logical if only 
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the flexural stiffness of the support is considered, it is not logical if 
the torsional stiffness is also consideredo The present provisions concerning 
edge conditions are rather complicatedo -This complication does not seem 
justified in view of the test results reported hereino The moment at the edge 
is a function of the restraint provided, and, in the case of a building frame 
consisting of beams and columns, that restraint is provided by the beams in 
torsion and the columns in flexure. In neither of the test structures was 
there any indication of a significant difference in the torsional restraint 
provided by the deep or shallow beams. The amount of moment carried by the 
middle strip of the discontinuous edge is largely a function of the torsional 
stiffness of the beams. The moment in the column strip is largely a function 
of the column stiffness, which is now limited by the ACI Code (318-56). 
Consideration could be given to requiring the designer to compute 
therestnrint provided by the column and beam. However, those calculations 
alone can become rather tedious. In view of the fact that the advantage of 
any wempirical method" is in its Simplicity, and that most cases encountered 
in practice are covered by the coefficients proposed below, this does not seem 
desirable. 
Strip 
Column 
Strip 
Middle 
Strip 
Extc:-ior 
Nega:"1 'Ie 
Macer:t 
25 
11 
K)MENTS IN FLAT SLAB PANELS 
(With or Without Drop Panels) 
Exterior Panel 
Positive 
Moment 
25 
25 
Interior 
Negative 
Moment 
46 
18 
Interior Panel 
Negative 
Moment 
46 
18 
Positive 
Moment 
18 
18 
---1 
I 
...J 
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The above table makes no distinction between slabs with drop panels 
and those without drop panels. Although some differences were indicated in 
the tests, they were so slight as to make any distinction an unnecessary 
complication. In the table, positive moment coefficients have been increased 
slightly at the expense of negative moment coefficients. Since the positive 
moment sections are affected most adversely by partial loadings, this change 
seems justified. 
The above coefficients for the moment at the discontinuous edge are 
limited to cases where restraint is definitely provided, that is, where the 
slab is monolithic with a column or with a beam and column. They do not 
apply to cases where the slab is supported by a masonry bearing wall or on 
steel columns at the discontinuous edge. In such cases, it is recommended 
that 20 percent of the total moment be distributed uniformly across the entire 
panel width and the difference between the specified coefficients for the edge 
and 20 percent be apportioned to the other sections of the panel in proportion 
to the specified coefficients for each of the remaining sections. 
For moments parallel to a discontinuous edge, a simpler and more 
realistic design method than the current ACI code provisions would be for the 
half-column strip adjacent to the beam and the beam together to be designed 
for the moments specified for an interior half-column strip. Tentatively, 
the moments could be apportioned to the slab and to the beam in proportion to 
their flexural stiffnesses. This problem will receive further study in con-
nection with the two-way slab tests. It should be recognized that a beam 
which is relatively deep with respect to the slab will act as an L-beam with 
a part of the slab acting with it as a flange. The width of the flange could 
be assumed equal to the projection of the beam below the slab. 
12. SUMMARY 
12.1 Tests 
This report describes studies of tests on a quarter-scale flat 
plate and flat slab. Three tests were studied for-each structure~ the design 
load tests} the overload tests and the tests to failure. The studies reported 
herein were part of one phase of an investigation of the behavior and strength 
of reinforced concrete floor slabs. 
The test structures were scaled down from a full-sized flat plate 
and a full-sized flat slab which were designed according to the provisions of 
Section 1004 of the 1956 ACI Building Code. They were nine-panel structures 
with three bays in each direction. The panels were 5 ft square and the nominal 
slab thickness was 1-3/4 in. The -slab reinforcement consisted of 1/8-in square 
bars and the beam and column reinforcement consisted of 1/4-ino round bars. 
-The design live loads were 70 and 200 psi.for the flat plate and flat slabs 
respectively. 
The structures were loaded using hydraulic jacks with a load-
distribu::ng system which simulated a uniform load. Steel strains were 
measured .... ~th 3R-4 electrical resistance strain gages and deflections were 
measured .... lth dial gages. The magnitude of the applied load and the magnitude 
of the co:~ reactions in three directions were also measured. 
Forty tests were made on the flat plate and thirty-eight on the flat 
slab. In the tests described in this report} all nine panels of the structures 
were loaded. For the flat plate, the magnitudes of the total uniform loads . 
were: dead load plus 2 live loads, 
225 psfj and test 138, test to failure, 360 psf. The magnitudes of the total 
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uniform loads in the flat slabs were ~ test 208; design load.9 280 psf'; 
test 221, dead load plus 105 live load, 385 psf; and test 234; test to 
failure, 550 psfo , 
In the design load test on the flat plate, the maximum steel 
stresses due to total load were about 13 and 5 ksi for the top and bottom 
steel, respectively, whereas those in the design, load test on the flat slab 
were 30 and 25 ksi for the top and bottom steel., respectively 0 The maximum 
deflections in the design load tests were about 0008 ino in the flat plate and 
0024 ino in the flat slab 0 The flat plate was cracked hardly at all in the 
design load testo The flat slab, on the other hand, was cracked extensively 
on both the top and bottom of the slab 0 
In the overload tests, the maximum steel stress in the flat plate 
was about 31 ksio There was local yielding in the flat slab 0 The maximum 
deflections measured in the overload tests were 0017 ino in the flat plate 
and 0031 ino in the flat slab. 
General yielding of the slab steel occurred in both structures in 
the tests to failureo The flat plate failed by the punching of an interior 
column through the slab 0 The flat slab failed in flexure in an exterior 
strip (panels GHJ) 0 Failure was characterized by very wide cracks at the 
interior column line and near midspan, by the deep beam twisting out of the 
corner columns, and by excessive rotation of the side columns above the base 
of the capitals 0 The maximum deflections at failure were about 0042 ino in 
the flat plate and 104 ino in the flat slabo 
1202 Results of Analyses 
Moments in the test structures were determined from measured steel 
strains 0 In most instances, the total moments thus computed agreed very well 
with the. static momento Moments across the full width of the structures were 
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also computed using measured column reactionso The agreement between 
moments determined from strains and reactions was good. 
The measured moments at the first interior column lines were higher 
than those specified by the ACI Building Code and those at the exterior column 
line were much lower. 
The strength of the two structures was computed by the yield line 
theory 0 The computed ultimate loads agreed reasonably well with the observed 
ultimate loads. 
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TABLE 1 
PROPFRTIES OF' THE CONCRF;TE IN THE FLAT PLATE TEST STRUCTURE 
-_._. __ ._--- -
f· "!~ 1 ~ .. f"" ~ :, t ~.' f J, .".~ •• , I ~~. ~ ~ ~todu1us of Elasticity 110dulus of Rupture 
Batch Hater Sruld . :-"\.' 1 ~",1 i.~~ 'I'C) Days 140 Days. 76 Days 144 Days 
... _,. __ ._-- - , .......... _--,-_.-
-
Cement Cemen ., ~; " t' t' j I ; (). r .... ~ ~ !'~ rIo. of E 1'10. of E. 6 Noo of f No. of f . , c 6 r.; I Tests psi x C10 Tests r Tests r t " •. ~ f .! P " I ,~ l'C~)t~5 psi x 10 PSl PSl 
-,----
1 0.81 6.1 1 2u TO 2 3650 1 3.2 2 3.4 
2 0.83 6.1 2 Y350 2 3520 1 307 2 3.2 • 
3 0.82 6.1 4 2440 4 2550 1 3.8 2 3.2 2 820 2 670 
4 6.82 6.1 2 2200 3 2580 1 2.4 2 3.2 
5 0.82 6.'1 1 2160 3 2460 1 2.4 2 2.4 
6 0.79 6.1 2 2280 2 2820 1 2.1 2 2·7 
7 0079 ' 6.1 3 2560 2 2920 1 202 2 301 
8 0.79 6.1 4 2540 4 2320 1 2.2 2 2·7 1 560 
9 0.78 6.1 3 2430 2 2250 1 2.3 2 2.5 
10 0.78 6.1 3 2370 2 2670 1 2.4 2 2.8 2 580 2 620 
11 0.78 6.1 2 2090 2 2290 1 2.0 2 206 
12 0.79 6.1 1 207C~ 1 2.3 
Averages 2510 2680 2.4 2.8 700 620 
TABLE 2 
PROPERTIES OF THE CONCRETE Ii\{ THE FLAT SLAB TEST STRUCTURE 
,Compressive Strength Modulus of Elasticity Modulus of Rupture 
Batch Water ., .• Sand, 78da:zs 168 days 78 da~s 78 da;y:s 
Cement Cement No. of fl No. of f' No. of Ec 6 No. of fr c c 
Tests psi Tests psi Tests psi x 10 Tests psi 
1 0.72 5.7:1 1 2000 1 2070 1 3.5 
2 0.72 5·7:1 3 2430 1 2400 1 2·7 
3 0.72 5.7:1 2 3085 1 2340 1 3.2 2 930 
4 0.72 5.7:1 3 3000 1 2150 1 3.7 
5 0.72 5.7:1 3 2730 1 2350 1 301 2 700 
6 0.77 5.7~1 1 4040 1 2480 1 3.2 
7 0.77 5.7:1 3 ~590 1 2190 1 2.6 
8 0077 5.7:1 3 2660 1 1890 1 2.4 2 665 
9 0.76 5·7:1 3 2770 1 2480 1 3·9 
10 0·75 5.7:1 3 2690 1 2160 2 610 
11 0.75 5.7:1 1 2100 1 2400 
12 0·75 5.7:1 2 3160 1 2970 2 405 
Averages 2760 2320 3.1 602 
l _ '-- - L_ 
TABLE 3. CHRONOLOGY OF TESTS ON THE FLAT PLATE 
Test No. Date Panels Loaded Remarks 
100 3 June 1958 Measurements taken during 
assembly of load dist. system 
101 10 June All 59 psf* 
102 13 June All 70 psf 
103-1 18 June All tr 
10.3~2 11 ABC II 
lO3~3 II DEF II 
103-4 If CFJ II 
10~:"1 20 JOune BEH 11 
104-02 II E 11 
104-3 II C II 
104-4 II B II 
~ 10.5-1 25 June A 11 \ 
105-2 II F 11 
105-3 II J II 
"106 27 June All 155 psf 
107 2 July 11 11 
108 7 July 11 11 
109 8 July ABC II 
110 9 July DEE' II 
111 11 GHJ II 
112 10 July .A.I;G II 
113 II BEH II 
114 14 July CFJ 11 
115 11 DEF II 
116 15 July ABC II 
l l '7 
...LJ-. ! 16 J°uly CFJ 11 
118 17 July BEH II 
119 18 July ABC-DEF II 
'120 21 ,July DEF-GHJ 11 
121 22 July DEF-GHJ II 
122 23 July ADG-BEH 11 
123 24 July BEH-CFJ II 
124 25 ,July A II 
125 II B II 
126 11 C 11 
127 II J 11 
128 28 July E II 
129 11 F II 
130 11 A,C,E,G,J II 
1.31 29 July .~All 225 psf 
132 30 July ABC II 
133 31 ,July DEF II 
134 II GRJ II 
135 1 Aug. ADG~CJFJ II 
136 4 Aug. BEH II 
137 7 Aug. All 11 
1038 7 Aug. All 360 psf 
139 11 Aug. GHJ 361 psf 
140 11 Aug. A 584 psf 
*All values of uniform load given in the ta.ble include the weight of the slab 
and the load distributing system. 
TABLE 4 
CHRONOLOJY OF TESTS ON TEE FLAT SLAB 
Test No. Date Panels* Remarks Loaded 
200 20 Feb. Measurements taken before and after assembly 
201 23 Feb. of load eli stri buting system 
202 24 Feb. All 90 psf** 
203 25 Feb. ABC " 
204 26 Feb. DEF 11 
205 27 Feb. GHJ 11 
206 2 March BEH II 
207 3 March CFJ " 
208 4 March All Design Ld. 285 psf 
209 5 March ABC IT 
210 9 March DEF " 
211 10 March GHJ II 
212 11 March Am IT 
213 12 March BEH II 
214 16 March CFJ " 
2[.5 19 March ABC-GHJ IT 
216 20 March DEF " 
217 23 March ABC-DEF IT 
218 24 Marer. DEF-GHJ" IT 
219 25 V.ar:r; AIX}-BEH IT 
220 13 Ap~~: BEH-CFJ " 
221 14 Apr~l All Overload 385 psf 
222 15 Ap~il ABC 11 11 on ABC, 85 psf on others 
223 16 A~''''; , DEF 11 II on DEB', 11 " 11 It j-j • • -
224 20 Ar·~ ... : GHJ It It " GHJ 11 II II II 
225 21 '..---1"\.:-' • ...... AIX1 II It II AIX} fI It It " 
226 22 ~ ... K:' • •• pt;'1" O..JU"', " It " BEll 11 II n II 
227 2: #. .. - - '::F J IT " " CFJ It " It " 1"\:- ....... 
228 f""',- A .. ;:-~~ ;.:3-: -GHJ " It "ABC-GHJ It tt It 11 C 
229 "1: A;:- .• ;~-:FJ tt It ItADG-CFS" It It " c_ 
230 29 ~ ..... - /3:-DEF It 11 K~ ••• 
231 '2: 1'-'" ~ .. - :-~:: -GHJ 11 tt /v 1"\!" .... 
232 . 1-.,," , • ;o::;-BE.H tt It .I. 
233 4 ~. E::{-CF J tt It M"" ..... 
234 11 !_tJ.~.1 f ... :l Test to failure 
235 l3 ~b:; It It " ~ 
236 18 Ma',' A.3)-D&' tt !t n 
237 19 May E " II " 
* See Fig. 12 for locations of panels. 
** All values of uniform load given in the table include the weight of the 
slab and the load distributing system. 
\ 
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TABLE 5 
MOMENTS ACROSS THE FULL WIDTH OF THE FLAT PLATE, TEST 106 
Shallow Beam Deep Beam 
I 
2 
~D = Moment compo from react., shear uniformly distributed 
~C = Moment ~omp. from react., shear concentrated at corners 
MS = Moment camp. from steel strains 
1 
r-l - 9.3 
~ - 9· 3 S - 8.0 
-10·9 
-10.9 
- 9·3 
-I:,. "5 
-13- ~ 
-12.:, 
-1;" .: 
-13. c) 
-15.5 
-15.e. 
-19·2 
-19·2 
-1803 
2 
11.0 
11.0 
10.6 
20.6 
20.6 
22.1 
25·1 
25.1 
26.4 
~ ..... -, c; 
10.- ~ •• ' l' ,/ 
2[,.7 
2'"3.5 
;B,5 
29· 7 
33.1 
33.1 
32.7 
3 
-14.6 
-1304 
-14.3 
-2303 
-2+.4 
-23.7 
-28.7 
-26.4 
-27.1 
-3304 
- YJ. 7 
- 3203 
- 35· 7 
-32.8 
- 34.0 
-4D~ 7 
- 37.5 
-36·9 
-13.2 
-12.1 
-:-13.4 
-21.0 
-19·3 
-2102 
-26.2 
-2401 
-24.6 
- YJ.l 
-27.6 
-28.7 
-3205 
-29·9 
- YJ. 7 
- 37.2 
-34.3 
-33.4 
-4408 
-41.3 
- 3905 
4 
7.4 
7.4 
708 
18.0 
1800 
1800 
1806 
1806 
19·0 
23.3 
2303 
2402 
Note: All moments are given in kip-in. 
5 
-13.8 
-12·7 
-1206 
-1909 
-18.2 
-20.8 
-29·5 
-27.0 
-28·9 
- 3109 
-29·3 
- 3007 
-37.0 
-3302 
-33.6 
-4308 
-4D.4 
-39.3 
-1504 
-14.2 
-1403 
-2206 
-20.7 
-2306 
-28.7 
-2604 
-2700 
-33.4 
-30.6 
-31.3 
- 35.8 
-33.0 
-32·9 
-4D.3 
-37·2 
-35· 3 
-4809 
~45 .. 1 
-4D.3 
6 
1004 
10.4 
11.0 
3208 
32.8 
30.1 
7 
-1802 
-17.8 
-16.3 
-2106 
"-21.3 
-19·1 
-2601 
-25·5 
-21.8 
~ S 
~ S 
~ S 
I 
.J 
TABLE 6 
I 
-1 
MOMENT COEFFIC IENTS FOR TIrE FULL WIDTH OF THE FLAT PLATE) TEST 106 
Shallow Beam Deep Beam 
.1 ~ I ~r I JI~r I ~l -Ii 2 4 6. 
~D = Moment compo from react 0) shear uniformly distributed 
~C = Moment camp. from react 0) shear concentrated at corners 
MS = Moment camp. from steel strains 
1 2 3 . 3' 4 5 5 ' 6 7 
rd 
to 
.029 .056 .074 .067 .037 .070 .078 .053 .040 ~g 3 .029 .056 .068 .061 .037 .064 .072 .053 .039 rd 
.025 .054 .072 .068 .039 .064 .072 .056 .035 cd 
Q) S 
~ 
.-I .029 .056 0072 .065 .042 .061 .070 .057 .039 ~ rd .029 .056 .066 .060 .0l±2 .056 .0£4 .057 .039 cd .025 0059 .073 .065 : (0039 "OQ~ .073 .056 0035 3 S 
C\J .029 .054 .076 .069 .037 .068 .076 .054 .040 ~g rd .029 .054 .070 .064 .037 .062 .070 0054 .039 cd 
.026 .058 .072 .065 .040 .065 .071 .056 .036 0 
H S 
t<\ .029 .055 .073 .066 .040 .065 .073 0055 0040 ~~ rd ... 029 0055 .068 .061 .040 .059 0067 0055 .039 cd 
'.026 .058 .071 .063 .040 .064 0069 .054 0036 a 
H S 
...:::t- 0029 .055 .074 .067 0039 .066 .074 0054 .040 ~ rd .029 .055 .068 .062 .039 .061 .069 0054 .039 cd .027 .053 .071 .064 .039 .06J+ .068 .054 .036 0 
H S 
Lr\ 
.030 .054 .077 .070 .036 .070 0076 .053 .041 ~ rd .030 .054 .071 .065 .036 .Q63 0070 .053 .040 cd 3 .029 .056 .069 .063 .039 0063 .066 0053 .036 s 
\.0 
.030 .053 .078 .071 0037 .070 .078 .052 .041 ~~ rd .030 .053 .072 .066 .037 .064 .072 .052 .040 cd 3 .029 .052 .069 .063 .0)8 .062 .064 0048 .035 s 
Note: Coefficients in terms ·of WL 
TABLE 7 
MOMENTS ACROSS THE FULL WIDrH OF' TEE FLAT SLAB, TEST 208 
Shallow Beam. Deep Beam, 
I~ ~I~' I I . I I ~l 2 4 5\5 1 6 
~ = Moments computed from measured column reactions. 
~ = Moments computed from measured steel strains. 
rd 
1 2 3 3' 4 5 5 i 6 7 
cO 4~'7 8'.4 - 14.0 4.6 
- 13·4 "" .. ·1407 9,0' 4 S - -15·9 - 70'3 ~ 
rd _ 401 9·1 - 14.9 - 12.7 5.8 - 11·9 - 13.7 1000 - 5u8 MS cO 
ill 
~ 
rl _ 8·9 1601 - 28.0 - 24.4 8.9 - 23.8 - 26.6 1703 - 14.1 MR rd 
cO _ 7·9 1801 - 29.8 - 25·9 1107 - 23.0 - 2702 1906 - 12.1 MS S 
C\J _ 12·5 27·3 - 3302 - 32.8 17·2 - 33·9 - 3708 28.2 - 20.3 ~, rd 
cO _ 1109 28.3 - 45.1 - 3704 17·5 - 35.1 - 40.9 3001 - 18.2 MS 
.3 
f'<\ 
- 1509 3200 5407 4802 17·9 47.6 - 53.3 3302 2609 MR 
rd 
cD 16.2 39· 3 - 57.0 - 50.8 2301 - 48.8 - 5402 4104 - 2303 MS Q 
H 
...::t 
-,20.0 44.7 - 63.8 - 5404 29·7 - 54.4 - 6300 4505 34.6 ~ rd 
cO 21·9 47.0 72.1 63.6 30.4 62.9 -' 6907 47.8 3005 MS o -
H 
lJ\- 24·9 51.5 - 77.7 - 6601 3407 - 6507 - 7702 5108 - 4302 ~ 
rd 27.4 5402 - 88.5 - 8108 3705 - 76.8 - 88.6 5306 - 40.0 MS cO -
0 
H 
,.,..1'""\ "Z L, 'Z 
- 87.1 '7r> '7 )1 z. r::.. '7"Z.. I) - 8703 6104 50.2 M \D - c.';:}o.} uJ... • ..J ' - I e,."'_1 'T..JoV I"'/'~ -~ 
rd 31·9 62.5 -10404 - 96.6 4304 - 9109 -101.5 6003 - 4907 MS cO -
0 
H 
J 
TABLE 8 
I 
TEST 208 ...J Mo.MENT COEFFICIENTS FOR THE FULL WIDTH OF THE FLAT SLAB) 
Shallow Beam Deep Beam 
J 
I~ I 'II ~I;! I ~I 2 4 6 3 3' 
~ = Moment computed from measured column reactions 
MS = Moment computed from measured steel strains 
rei 1 2 3 3 1 4 5 53 6 7 
ro 
0 
.024 .042 0080 0071 0023 .068 .074 .047 .037 ~ H 
rei 0021 .046 .075 .064 0029 .060 0069 .051 .029 MS cr3 
(!) 
P 
r-1 
.024 .044 .077 .067 .024 .065 .073 .047 .039 ~ rei 
cr3 0022 .050 .082 .069 .032 .063 .075 .054 0033 MS S 
.(\j 0023 .050 0070 .060 .032 .062 .069 .052 .037 ~ rei 
cd 0022 .052 .083 .069 ..... 0.32 .064 .075- .055 0033 MS S 
t<\ 0022 .0 45 .077 .063 .025 .067 .075 0047 .o~ ~ rei 
cd 0023 · C!S5 .080 0071 .032 0069 .076 0058 .033 MS S 
...::j- 0022 · :) .. ? .070 0060 .033 .060 .069 0050 .033 ~ rei 
cd 
.02h -., C ' .079 .070 .033 0069 0076 .052 .033 MS 0 H 
Lr\ 
.023 '\ ,-; .072 .061 .032 .061 0071 0048 0040 ~ • .. >4 i rei 
a:l 
.025 .05J .082 .075 .035 .071 .080 .049 .037 MS 0 H 
\0 .023 "...' 0 .\.J 4 ';1 .069 .059 .035 .058 .070 .049 .040 ~ 
rei 0025 ·J5C .083 .077 .035 .073 0081 001~ .040 MS ro 0 
H 
Note: Coefficients in terms of WL. Moments computed from reactions on the 
assumption that shear was distributed uniformly around the perimeter of 
column capitals. 
i---- (" 
Exterior Neg'ati ve Moment 
Column Strip 
Mid4-le Strip 
Wall Strip 
Beam 
Interior Negative Moment 
Column Strip 
Middle Strip 
Wall Strip 
Bearil 
Total Ext 0 Negc Moment 
Total Int. Negc Moment 
Average Negative Moment 
---
Positive Moment 
Column Strip 
Middle Strip 
Wall Strip 
Beam 
Total Positive Moment 
Total Moment 
TABLE 9 
MOMENTS AT DESIGN SECTIONS IN THE FLAT PLATE 
CORNER PANEL A, TEST 106 
MEASURED MOMENT ~KIP-INL 
DL 1 2 3 4 5 
·52 .86 1005 1.43 1066 2006 
.37 .61 072 087 
·92 1001 
028 046 
·53 065 .79 1008 
.57 .93 1.09 1031 10 ::E 1053 
1083 2·91 3.16 3029 3.61 3J33 
1063 2077 3.03 3.~3 3·55 3.81 
070 1.16 1033 1.49 1069 1·90 
1.11 1.84 2.14 2059 2076 2097 
1.74 2086 3.39 4.26 4075 5.63 
5.33 8.68 9.56 10.80 11061 12051 
3054 5077 6.48 7.53 8.18 9·10 
.71 1.85 2015 2.58 2064 2063 
1.88 3.16 3.67 4.43 4.70 5.03 
.43 .69 .82 .98 lc04 1.15 
.81 1.36 1.58 1·90 2001 2.19 
3.83 7.06 8c22 9.89 10039 11,05 
7.37 12083 14.70 17.42 18057 20.15 
ACI 
6 DESIGN 
MOMENT 
20'36 3·53 - -
1.20 1.76 
1.44 2064 
1.76 2080 
4.24 4.45 
4.33 3,18 
3001 3.34 
3.47 4.48 
6.76 10·73 
15,05 15c45 
10·91 13009 
2.78 2047 
5.12 3c53 
1035 1·93 
2.37 3.20 
11.62 11013 
22053 24.22 
TABLE 10 
PERCENTAGE OF THE roTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
CORNER PANEL AJ TEST 106 
MEASURED MOMENT ~ 
DL 1 2 3 4 5 6 
Exterior Negative Moment 
Column Strip 7.1 6.7 7.1 8.2 8·9 10.2 10·5 
Middle Strip 5·0 4.8 4.9 500 5.0 ·j~.o 5.3 
Wall Strip 3.8 3.6 306 3.7 4.3 5,,4 6.4 
Beam 7.7 7.2 T.4 7·5 7.4 ',7',6 . 7·8 
Interior Negative Moment 
Column Strip 24.8 22.7 21.5 18.9 19·4 19·0 18.8 
Middle Strip 22.8 21.6 20.6 19·7 19·1 18.9 19·2 
Wall Strip 9·5 900 900 8.6 9·1 9.4 13.4 
Beam 15·1 14.3 14.6 14.9 1409 14.7 15.4 
Total Ext. Neg. Moment 23 06 22::5' 23.1 24.5 25.6 28.2 30.0 
Total Int. Neg. Moment 72.3 67.7 65.0 62.0 62.5 62.1 66.8 
Average Negative Moment 4800 45.0 4401 43.2 44.0 45.2 48.4 
Positive Moment 
Column Strip 9.6 14.4 14.6 14.8 14.2 13.3 12.3 
Middle Strip 25.5 24~6 25.0 25.4 25·3 25·0 22.7 
Wall Strip ~5".. 8 ' 4~~/ 5.6 5.6 5.6 5.7 6.0 
Beam 11.0 10.6 1007 10·9 10.8 10·9 10·5 
Total Positive Moment 52.0 55.0 55·9 56.8 5600 54.8 51.6 
-_. 
Total Moment 100.0 100.0 100.0 :.lOO.OC 100.OC 100.de 100.Ot 
ACI 
DESIGN 
MOMENT 
14.9 
7.3 
10·9 
11.6 
1804 
13.1 
13.8 
18.5 
44.3 
63.8 
54.0 
1002 
14.6 
8.0 
1302 
46.0 
100.0 
l L L .. _. L_. 
1----- ,--
TABLE 11 
MOMENTS AT DESIGN SECTIONS IN THE FIAT PLATE 
EDGE PANEL B) PERPENDICULAR TD THE SHALLOW BEAM) TEST 106 
MEASURED MOMENTS (KIP-IN) ACI 
DL 1 2 3 4 5 6 DESIGN 
MOMENT 
Exterior Negative Moment 
Column Strip .69 1,13 1.67 1.98 2.20 2.67 3.49 7.06 
Middle Strip 
·55 ·90 1.05 1026 1.33 1047 1.75 1.76 
Interior Negative Moment 
Column Strip 2.77 4.81 5055 6.80 7.16 7·90 9·01 8090 
Middle Strip 1056 2.56 3.17 3.94 4.05- 4.30 4.90 3.18 
Total Ext. Neg, Moment 1.24 2.03 2.72 3.24 3.53 4.14 5.24 8.82 
Total Int. Neg. Moment 4.33 7.37 8072 10074 11.21 12,20 13·91 12.08 
Average Negative Moment 2078 4070 5072 6.99 7037 8.17 9· 57 10.45 
Positive Moment 
Column 'Strip 1093 3.21 3.74 4047 4.63 4,88 5.35 4·94 
Middle Strip 1.64 2.71 3.18 3082 4.06 4.40 4,98 3.53 
Total Positive Moment 3·57 5<92 6092 8029 8.69 9·28 10.33 8",47 
Total Moment 6035 10.62 12064 15.28 16.06 17.45 19·90 18092 
TABLE 12 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
EDGE PANEL B, PERPENDICULAR ill THE SHALLOW BEAM, TEST 106 
MEASURED MOMENT % 
DL .1 2 3 4 5 6 
Exterior Negative Moment 
Column Strip 10·9 10.6 13.2 13.0 13.7 15.3 17.5 
Middle Strip 8.7 8.5 8.3 8.2 8.3 8.4 8.8 
Interior Negative Moment 
Column Strip 43.6 45.3 43·9 44.5 44.6 45.2 45.3 
Middle Strip 24.6 24.1 25·1 25.8 25·2 24.6 24.6 
Total Ext. Neg. Moment 19·5 19·1 21·5 21.2 22.0 23.7 26.3 
Total Int. Neg. Moment 68.2 69.4 69.0 70.3 69.8 69.9 69.9 
Aver8~e Negative Moment 43.8 44.3 45.3 45.7 45·9 46.8 48.1 
Positive Moment 
Column Strip 30 .l~ 30.2 29.6 29·3 28.8 28.0 26.9 
Middle Strip 25.8 25·5 25·2 25·0 25.3 25.2 25·0 
Total Positive Moment 56.2 55.7 54.7 54.3 54.1 53.2 51·9 
Total Moment 100.0 100.0 100.0 100.0 100.0 100~0 100.0 
. t 
ACI 
DESIGN 
MOMENT 
37.3 
9·~3 
47.0 
16.8 
46.6 
63.8 
55·2 
26.1 
18.7 
44.8 
100.0 
L _ . l.. L---.. L-
TABLE 13 
r·1 r)r-1F:in':'j AT DES TGN SECTIONS IN THE FLAT PLATE 
Er,(;r: rA~;~:L H. I'AHAl1.EL TO THE SHALIDW BEAM, TEST 106 
H£ASUHED MUillIT ~KIP-IN~ ACI 
tIL 1 2 3 4 5 6 DESIGN 
MOMENT 
Negative Moment 
Column Strip 1.82 2.88 3012 3.34 3.58 3.84 4033 3·97 
Middle Strip 1058 2.62 2096 3.37 3.49 3·77 4.27 2.77 
Wall Strip .67 1·.11 1029 1·50 . 1.63 1.77 2·53 3.11-
Beam 
·95 1·52 1.78 2014 2.29 2.49 3011 4.48 
Total Negative Moment 5.02 8.13 9·15 10035 10·99 11.87 14.24 14.53 
Positive Moment 
Column Strip 
·93 1052 1.83 2.02 2.10 2.22 2·50 1·90 
Middle Strip 1.58 2.61 3.06 3.67 3.85 4cl0 4.69 2.77 
Wall Strip .41 .72 .86 1003 1.08 1019 1.41· 1.58 
Beam < 32 050 c61 .71 ,76 084 099 2.68 
Total Positive Moment 3024 5.'35 6036 7043 7·79 8.35 9· 59 8.95 
Total Moment 8.26 13.48 15·51 17.78 18.78 20.22 23.83 23<28 
TABLE 14 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
EDGE PANEL B) PARALLEL TO THE SHALlOW BEAM, TEST 106 
MEASURED MOMENT % 
DL 1 2 3 4 5 6 
Negative Moment 
Column Strip 22.0 21.4 20.1 18.8 19·0 19.0 18.2 
Middle Strip 19·1 19.4 19·1 19·0 18.6 18.6 17.9 
Wall Strip 8.1 8.2 8.3 8.4 8.7 8.8 10.6 
Beam 11.5 11.3 11·5 12.0 12.2 12.3 13.1 
Total Negative Moment (jJ.7 (jJ 03 59·0 58.2 58.5 58.7 59.8 
Positive Moment 
Column Strip 11.3 11.3 11.8 11.4 11.2 11.0 10.5 
Middle Strip 19·1 19.4 19·7 20.6 20·5 20.3 19·7 
Wall Strip 5·0 5.3 5·5 5.8 5.8 5·9 5·9 
Beam 3·9 3.7 3·9 4.0 4.0 4.1 4.1 
Total Positive Moment 39· 3 39.7 41.0 41.8 41.5 41.3 4002 
Total Moment 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
ACI 
DESIGN 
MOMENT 
17·1 
11·9 
13.4 
19·2 
61.6 
8.2 
11·9 
6.8 
11·5 
38.4 
100.0 
L L~____ ~ 
TABLE 15 
MOMENTS AT DESIGN SECTIONS IN THE FLA.T PLATE 
CORNER PANEL C, PERPENDICULAR TO THE SHALLOVJ BEAM) TEST 106 
~SURED MOMENT {K~P-IN2 ACI 
DL 1 2 3 4 5 6 DESIGN 
MOMENT 
EXterior Negative Moment 
.66 1.56 Co~umn Strip 1.09 1.27 1.73 2.08 2.39 3.53 
Middle S:trip 054 .89 1.04 . 1.25 1.32. 1.46 1~73 1.76 
Wall Strip. .14 .23 .27 .32 ~34 .73 .45 1.76 
Beam' .64 .94 1.08 1.32 1.37 1~50 1.69 . 4.57 
Interior Negative Moment 
Column Strip 1·50 2·50 2.87 3.48 3.54 3.82 4.40 4.45 
Middle. Strip 1.23 2.01 2.37 2.83 2·99 3.28 - 3.82 3.18 
Wall Strip 016 .27 .32 .39 .41 .45 .54 2028 
Beam 1.77 2.89 3.28 4.03 4028 4.67 5.55. .703;1. 
Total Ext. Neg~ Moment 1098 3015 3.66 4.45 4.76 5042 6.26 11.62 
Total Int. Neg~ Moment 4066 7.67 8.84 10,73 11.22 12.22 14031 17022 
Average Negative Moment 3.32 5.41 6.25 7.59 7·99 8.82 10.28 14042 
Positive Moment 
Column Strip .88 1086 2018 2.47 2.53 2.65 2.81 2.47 
Middle Strip 1.17 2.20 2.59 3.08 3.28 3060 4.23 3·53 
Wall Strip .25 .43 .49 .59 .63 .69 .81 1023 
Beam 
·90 1.4B 1.72 2.09 2.21 2047 2·91 5.22 
Total Positrve Moment 3.20 5·97 6.98 8.23 8.65 9·40 10.76 12045 
Total Moment 6.5~ 11.73 13.23 15082 16.64 18.22 21.04 26.87 
TABLE 16 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
COrWEH PANEL C, PERPENDICULAR TO THE SHALLOW BEAM) TEST 106 
--.-----.. -.----~-.~-.+.- .. -- -.-,-.~--
MEASURED MOMENT 1!. ACI 
Dr. 1 2 
.3 4 5 6 DESIGN 
MOMENT 
Exterior Negative Moment 
Column Strip 1001 906 9·6 909 100 Y. 1104 1104 1301 
Middle Strip 8·3 :-7~8 709 7·9 8.0 8.0 8.2 606 
Wall Strip 2.1 200 200 200 2.0 2.l 2.1 606 
Beam 9·8 803 8.2 8·3 8.2 8.2 8.0 17·0 
Interior Negative Moment 
Column Strip 23·0 22.0 2107 2200 2103 21.0 2009 1606 
Middle Strip 1809 1707 1709 1709 18.0 18.0 18.2 11.8 
Wall Strip 2,5 204 2,4 205 205 205 206 805 
Beam 27·1 2504 24.8 2505 25·7 2506 2604 2702 
Total Ext. Neg. Moment 30.4 2707 2707 28.1 2806 29·7 29·8 43,2 
Total Into Neg. Moment 7105 6704 6608 67·8 67·4 67·1 68.0 64.1 
Average Negative Moment 5009 4706 47·2 48.0 4800 4804 4809 5307 
Positive Moment 
Column StrtLp 1305 1603 16.5 15.6 1502 14·5 13·4 902 
Middle Strip 17·9 19 03 19·6 1905 1907 19·8 20.1 1301 
Wall Strip 3·8 308 307 307 3·8 308 3·9 - 406 
Beam 13·8 13·0 1300 13·2 1303 13 05 13·7 1904 
Total Positive Moment 49·1 5204 5208 5200 52.0 51.6 51.1 46·3 
Total Moment 100.0 10000 10000 10000 10000 100.0 100.0 100.0 
I _ - 1 ______ L __ 
TABLE 17 
MOMENTS AT DESIGN SECTIONS IN THE FIAT PLATE 
CORNER PANEL C, PER1~NDICTTLAR TO THE DEEP BEAM, TEST 106 
MEASURED MOMENT ~KIP-IN 0) 
DL 1 2 3 4 )-
Exterior.Negative Moment 
.. Column Strip 087 1.45 1098 2035 2.45 2065 
·MiddleStrip .86 1042 1065 1·95 2.05 2.25 
Wall Strip 040 06~ 075·· 089 
·95 1.0.3 
. Beam .22 034 040 . 047 ·51 060 
Interior Negative Moment 
Column Strip 1086 2087 3·18 3048 . 3061 3082· 
Mi4.dle Strip 1049 2048 2089 .. 3031 . 3044 3<73 
Wall Strip 064 1c07 Ie 25 -. 1051 1058 1064 
Beam- 1004 1070 2001 2048 2063 2095 
Total Exto Nego Moment 2035 . 3083 4078 . 5.66 . 1509$· 6053 
Total Into Neg, Moment 5003 8012 9033 : 10·78 11026 12~14. 
Average Negative Moment 3·69 5098 7005 . 8022 8061 9033 
Posi ti ve: Moment 
Column Strip 1016 1094 2c27 2056 2057 2060 
Middle Strip 1,87 3·08 3058 4.13 4·30 4,56 
Wall Strip 046: - 072 .83 . 1.02 10.07 1,22 
Beam 063 1,03 ·1020. ' 1044· 1053 1069 
Total Positive Moment 4012 6077 7088 9015 9· 47 10.07 
Total Moment 7.81 12075 14c93 17037 18008 19040 
L 
ACI 
6 .. DESIGN 
MOMENT 
3003 2·081 
2c60 3~53 
1.26 2012 
071 2080 
4026 4045 
4022 3018 
2005 3034 
3041 4.48 
7·60 ' 11026 
13061 15045 
10060 13035 
2066 2047 
4086 3; 53-~ 
1.42 1~~·93 
2000 3.-20 
10·94 11013 
21054 24048 
l 
TABLE 18 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
CORNER PANEL C., PERPENDICULAR TO DEEP BEAM, TEST 106 
MEASURED MOMENT % 
DL 1 2 3 4 5 6 
Exterior Negative Moment 
Column Strip 11.1 1104- 130) 13·5 1306 13·7 14.1 
Mi.ddle Strip 1100 11.1 1101 1102 11·3 11.6 1201 
Wall Strip 5·1 4·9 5,0 501 5·3 503 5.8 
Beam ~.8 . 2?'1 207 2·1 ~0B. 3·1 303 
Interior Negative Moment 
Column Strip 2308 2205 21·3 2000 20<0 1907 19·8 
Middle Strip 19·1 19 05 19·4 19·1 1900 19·2 19·6 
Wall Strip 8.2 '8~4 8.4 8·7 807 8-05 9·5 
Beam '13·3 13·3 1305 1403 1405 15·2 14.3 
Total E:xt. Nego Moment 3001- 3000 32.0 32.6 33·0 33·7 3503 
Total Int. Nego Moment 61~. 4 6307 6;205 6201 62·3 62.6 63·1 
Average Negative Moment 4702 4609 47.2 4703 4706 4801 49·2 
Positive Moment 
Column Strip li~·9 15·2 1502 14.7 1402 13·4 12·3 
Middle Strip 23·9. 2402 2400 23·8 23·8 23· 5 22.6 
Wa.ll Strip 5·9 506 506 5·9 5 0 9 603 6.:6 
Beam 801 801 800 8.3 805 8 07 9·3 
Total Positive Moment 52.8 53·1 5208 5207 5204 51·9 50.8 
Total Moment 100.0 10000 10000 10000 100.0 100.0 100.0 
ACI 
DESIGN 
MOMENT 
11·5 
14.4 
807 
1104 
1802 
1300 
1306 
1803 
4600 
6301 
54.5 
1001 
1404 
709 
'1-301 
45.5 
100.0 
1 __ .... l____ l_-, L-
r' 
TABLE 19 
MOMENTS AT DESIGN SECTIONS IN THE FLAT PLATE 
INTERIOR PANEL E J TEST 106 
MEASURED MOMENT ~KIP-IN.l ACI , .. 
DL 1 2 ,3 4 -, 5 6 DESIGN 
MOMENT 
Negative Moment 
Column Strip 2062 4046 ,5017 6.12 6.67 7038 8061 7095 
Middle Strip 1040 2.26 2·90 3,47 ~5 0 66 4008 4065 2·77 
Total N,egati v~ MomeBt 4002 6·72 8,07 9059 ,lC)' 33 11046 13026 10072 
~--~-
Positive Moment 
Column Strip 1042 2·39 2081 3·47 ~5c 73 4018 4.87 3·80 
Middle Strip 1.04 1.69 2.06 2.46 ~~o63 2·91 3040' 2077 
Total Positive Moment 2046 4.08 4087 5093 6036 7·09 8027 6057 
Total Moment 6048 10.80 12094 15052 16069 18055 2105,3 17 ·29 
TABLE 20 
l)EHCEN'r1\L~E OF THE 'IDTJ\L KlMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
INTERIOR PANEL E, TEST 106 
MEASURED M:>MENT \tjo 
DL 1 2 3 4 5 6 
Negative MJment 
Column Strip 40.'4 41·3 39·9 39·4 40.0 39·8 40.0 
Middle Strip ,a ;6 ~).9 22.4 22.4 21·9 22.0 21.6 
Total Negative MOment 62.0 62.2 62·3 61.8 61·9 61.8 61.6 
Positive MJment 
Column Strip 2l·9 22.1 2l·7 22.4 22·3 22·5 22.6 
Middle Strip 16.1 15· 7 15·9 15·8 15·8 15·7 15·8 
~rotal Positive MOment 38.0 37.8 37.6 38.2 38.1 38.2 38.4 
Total Moment 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
ACI 
DESIGN 
M)MENT 
46.0 
16.0 
62.0 
22.0 
16.0 
38.0 
100.0 
1- L _ L L____ L-_ 
TABLE 21. 
M)MENTS AT DESIGN SECTIONS IN THE FLAT PLATE 
EIXJE PANEL F) PERPENDIC~1L.AR TO THE DEEP BEAM) TEST 106 
MEASURED M)MENT (KIP-IN.) ACI 
DL 1 2 3 ,4 5 6 DESIGN 
MJMENT 
Exterior Negative Moment 
Column ,Strip , .1·55 2055 3·00 3··57 3·75 4.08 4.83 5·63 
Middle Strip .60 1.00 1.18 1·.40 1·50 1.65 1·90 3·53 
Interior Negative -MOment 
Column Strip 3·21 5·20 5·70 6.43 6.69 7.1& 8.05 8·90 
Mid.dle Stri.p 1.67 2.86 }.23 3·50 ,3·70 3·76 4.16 3·18 
Total Ext c Neg 0 ,Moment 2.15 3·55 4.18 4.97 5-025 5·73- 6.73 9·16 , 
Total Int. Neg. MOment 4.88 8.06 8·93 9·9.3 10·39 10.94 12.2.1. 12.08 
Average Negati.ve Moment 3052 5·80 6·55 7.45 7·82 8."33 9·47 10.62 
Positive .r.bment 
Column Strip 1·92 3·.31 3·82 4·33 4·53 4070 5·01 4·9h 
MiddJ.e Strip 1056 206 5 3·09 3·69 4.01 4·55 4,81 3·53 
Total Positive Moment 3·48 5·96 6091 8.02 8.51+ 9·25 9.82 8.47 
Total Moment 7·00 11.76 13.46 15·47 16 .. 36 17.58 19·29 19·09 
TABLE 22 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
EDGE PANEL F) PERPENDICULAR TO THE DEEP BEAM) TEST 106 
MEt\SUREDMOMENT, ~ 
DL 1 2 3 4 5 6 
Exterior Negative Moment 
Column Strip 22,,1 2107 22.3 23.1 22·9 2302 2500 
Mid.dle Strip 8,.6 8.5 8.8 9·0 9·2 9·4 9·8 
Interior Negative Moment 
Column Strip 4509 44.2 42.3 4106 40·9 40.8 41.7 
Middle Strip 23·9 2403 24.0 22.6 2206 21.4 21.6 
Total Ext. Neg. Moment ~.7 ~.2 31.1 3201 32.1 32.6 34.9 
Total Int. Neg. Moment 69.7 68.5 6603 64.2 63.5 62.2 63.3 
Average Negative Moment 50.3 49· 3 4807 48.2 47.8 47.4 49·1 
Positive Moment 
Column Strip 27.4 28.1 28.4 28.0 27·7 26.7 26 00 
Middle Strip 22.3 2205 22.9 2308 24.5 25·9 24.9 
Total Positive Moment 49.7 5007 5103 51.8 52.2 52.6 50·9 
Total Moment 10000 100.0 100.0 10000 10000 100.0 100.0 
ACI 
DESIGN 
MOMENT 
29·5 
1805 
4606 
1607 
4800 
63.3 
55.6 
2509 
1805 
44.4 
100.0 
L_ _ 1 ___ -; l __ 
I . 
r 
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TABLE 23 
MOMENTS AT DESIGN SECTIONS IN THE FLAT PLATE 
EDGE PANEL F, PARALLEL TO THE DEEP BEAM, TEST 106-
MEASURED MOMENT {KIP-IN·~ ACI 
DL 1 2 j 4 5 6 DESIGN 
MOMENT 
Negative Moment 
Column Strip 1030 2.25 2.62 3008 3.30 3056 4019 3·97 
Middle Strip 1.33 2.01 2037 2083 2·99 3.28 ·3.82 2077· . 
Wall Strip 016 .27 .32 .39 .41 .45 ~54 2.08 
Bearri 1015 1.68 2.08 2·52 2.70 - .2·90 3.65 6c37 
Total Negative Moment 3094 6021 7.39 8.82 9040 10.19 12.20 15·19 
Positive Moment 
Co.1urnn Strip 
·70 1015 1.36 1.64 1072 1091 2028 1·90 
M.iddle Strip 067 1013 1.31 1.58 1.72 1086 2.21 2.77 
Wall Strip .16 026 .30 .37 < 39 044 ·53 1.04 .. 
Beam .44 .68 <84 1.ob 1004 1.16 1036 4.38 
Total Positive Moment 1·97 3.22 3.81 . 4.59 -4087 5· 37 - 6.38 10.09 
Total Moment 5·91 9043 11020 13.41 14027 15056 18058 25.28 
TABLE 24 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT PLATE 
EDGE PANEL F) PARALLEL TO THE DEEP BEAM) TEST 106 
MEAS URED MOMENT ~ 
DL 1 2 3 4 5 6 
Negative Moment 
Column Strip 2200 23·9 23.4 23.0 2301 22·9 2206 
Middle Strip 2205 21.3 21.2 21.1 21.0 21.1 2006 
Wall Strip 2.7 2·9 209 2·9 2·9 2·9 2·9 
Beam 19·5 17.8 18.6 18.8 1809 18.6 1906 
Total Negative Moment 66.7 65.9 6600 65.8 65.8 65.5 65~7 
Positive Moment 
Column Strip 11.8 1202 12.1 12.2 1201 12.3 1203 
Middle Strip 11.3 12.0 11.7 11.8 12.1 1200 11·9 
Wall Strip 2.7 2.8 2·7 2.8 2·7 208 209 
Beam 7.4 7.2 7·5 7.5 7.3 7·5 - 7.3 
Total Positive Moment 33.3 34.1 34.0 3402 34.2 34.5 34.3 
Total Moment 10000 100.0 100.0 100.0 100.0 100.0 100.0 
1-
ACI 
DESIGN 
MOMENT 
1507 
1100 
802 
2502 
60.1 
7·5 
11.0 
4.1 
17·3 
3909 
--
10000 
1_- _ ~ __ ' l __ J L-
TABLE 25 
MOMENTS AT DESIGN SECTIONS IN THE FLAT PLATE 
CORNER PANEL J J TEST 106 
-- -. --,. __ ._-
~~SURED MOMENT ~KIP-IN2 
[ :, 2 3 4 5 
Exterior rr"gn.ttvf.' t-1';r!wnt-, 
Column Strip .75 1.30 1·50 1.80 2.05 2.40 
Middle Strip .58 .94 1.10 1035 1.40 1055 
Wall Strip 035 ·57 . 66 081 ~ . 085 ·95 
Beam .74 1034 1.38 1071 1077 1092 
Interior Negative Moment 
Column Strip 1023 2012 2047 2090 3011 3039 
Middle Strip 1.23 2001 2.37 2.83 2099 3.28 
Wall Strip .16 027 032 .39 .41 045 
Beam 1.73 3006 3.62 4.44 . 4.69 5.09 
Total Exto Nego Moment 2.42 4015 4064 5067 6007 6082 
Total Int. Neg. Moment 4035 7,46 8.78 10.56 11,20 12.21 
Average Negative Moment 3.38 5.80 6071 8012 8064 9052· 
Positive Moment 
.. 
Column Strip 1.12 1.85 2.08 2.38 2049 2.58 
Middle Strip 1.41 2.15 2057 3003 3022 3049 
Wall Strip .15 021 026 032 .34 .40 
Beam .74 1035 1048 1.76 1.89 2009 
Total Positive Moment 3.42 5<56 6039 7049 7~94 80 56 
Total Moment 6.80 11036 13.10 15061 16058 18008 
ACI 
6 DESIGN 
MOMENT 
2075 2,81 
1.85 .. ··}.-53 
1012 104i 
2.04 4057 
4006 4.45 
3.82 3.18 
.54· 2028 
6007 7031 
7076 12.32 
14043 17·22 
11.10 14077 
2063 2.47 
3.80 3·53 
.45 1023 
2046 5022 
9,34 12.45 
20044 27022 
TABLE 26 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FIAT PLATE 
CORNER PANEL J, TEST 106 
DL 1 
MEASURED MOMENT ~ 
2 3 5 6 
Extl!:!rior N ega ti ve Moment 
Column Strip 11.0 11.4 11·5 1105 12.4 13.3 13·5 
Middle Strip 8.5 8.3 8.4 8.6 8.4 806 9·1 
Wall Strip 5·1 5·0 5·0 5·2 5·1 5·3 5·5 
Beam 10·9 11.8 10·5 11.0 1007 1006 1000 
Interior Negative Moment 
Column Strip 18.1 18.7 18.9 18.6 18.8 18.7 19.6 
Middle Strip 18.1 1707 18.1 18.1 18.0 1801 18.7 
Wall Strip 2.4 2.4 2.4 2·5 2.5 2·5 206 
Beam 25.4 26.9 27.6 28.4 28~3 28.2 29.7 
Total Ext. Nego Moment 35.6 3605 35.4 36.3 36.6 37.7 33.0 
Total Int. Neg. Moment 64.0 6507 67.0 67.6 67.6 67.5 70.6 
AYerage Negative Moment 49·7 51.1 5102 52.0 52.1 52.7 54.3 
Positive Moment 
Column Strip 16.5 1603 15·9 15.2 1500 14.3 12·9 
Middle Strip 20·7 18·9 1906 19.4 19.4 1903 18.6 
Wall Strip 2.2 108 2.0 2.0 2.1 202 202 
Beam 10·9 1109 1103 1103 1104 11.6 12.0 
Total Positive Moment 50.3 48.9 4808 48.0 47.9 47.3 45.7 
Total Moment 100.0 100.0 100.0 15.61 100.0 100.0 100.0 
L 
ACI 
DESIGN 
MOMENT 
10.3 
13.0 
502 
16.8 
1603 
11.7 
8.4 
26.9 
45.3 
63.3 
5403 
9·1 
13.0 
4.5 
"1902 
45.7 
100.0 
I . L ... : L_! l.-
'\ 
Ex~erior Negative Moment 
Column Strip 
Midclle 'Strip 
Wall Strtp 
Beam' 
Interior Negati'v~' Moment 
Column Strip' 
Middle; Strip 
Wall Strip 
, Beam 
Total Ext"Nt::go MoIIlent 
Total Int. N~go' Moment 
Average Negati.ve Moment 
Positive Moment 
Column Strip 
Middle Strip 
Wall Strip 
Beam 
Total Posi.tive Moment 
Total Moment 
TABLE 27", 
MOMENTS AT DESIGN: SECTIONS IN THE, FLAT SLAB 
CORNER PANEL A, TEST 208 
MEASURED MOMENT {KIP-IN) 
DL 1. 2 3 4 
048 089 1041 2004 3021 ' 
018 .40 060 08'1 098 ' 
045 086 1031., 1076 1098 
042 '" '096 1.32 '10 69 '2.05 ' 
1078 3043 4097 6005 700.5 
1034 2.61 3093 4096 6054 
1051 3003 4,58 5·13 5094 
082 '1063 '2.49 '4.03 5076 
1053 3011 4064 6.30' 8022 
5045 10070 15097 20017 25029 
3049, 6,90 100,30 ' 13.23 16.75 
.70 1·53 2040 3002 3025 
loll 2.43 ' ,3078 )026 6.44 
.45 085 1060 2~62 j.02 
071 1033 2,04 3017 4049 
2.97 6.14 9.82 14007 ' 17020 
6 0 46 13004 20012 27030 ' 33095 
ACI 
5 6 DESIGN 
MOMENT' 
4009 ' 4047 5·96 -
1023-' ' 1.41 3003 
2022 . 2044 5·25 
2,,42 .. 3,,02, 5·10 
7096 9009 7.72 
7006 . 7064 . 4068 
7019 8032 7·51 
7.66,· 9087· ,,·8.16 
9.96 11034, 19034 
29·87 34092 28007 
19092 . 23013 ' 23070 
3099 4083 3030 
7031 8043 5·51 
3034 3072 
-3·55 
' 5.62 6085 5083 
20026 23083 18019 
40018 46096 41089 
TABLE 28 
PEHCENTAGE OF THF. TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SLAB 
CORNER PANEL AJ TE8rr 208 
-----.~---.,--.--.----~--- .. -.... -~-.-.. -. , ...... --.---~- .... -.---. 
MEASURED tJ[OMENT ~ ACI 
IJL 1 2 ~) 4 5 6 DESIGN 
MOMENT 
Exterior Negative Moment 
Column Strip 7.4 6.8 7·0 705 905 10.2 9·5 14.2 
Middle Strip 2.8 3.1 300 3.0 2·9 301 3,0 7.2 
Wall Strip 7.0 6.6 605 6.4 508 505 5·2 1205 
Beam 6.5 704 6.6 6.2 600 6.'0 604 1203 
Interior Negative Moment 
Column Strip 27.6 2603 24.7 22.2 20.8 19·8 19·4 18.3 
Middle Strip 20.7 2000 19·5 18.2 19·3 17.6 1603 11.1 
Wall Strip 23.4 23.2 2208 18.8 17.5 17·9 17·7 17.8 
Beam 12.7 12·5 12.4 14.8 17.0 19·1 21.0 1907 
Total Exto Neg. Moment 2307 2309 2301 23·1 24.2 24.8 2401 4602 
Total Int. Nego Moment -84~ 4.- 82.0 7904 73·9 74.5 74.4 74.4 66.9 
Average Negative Moment 54.0 5209 51.2 48.5 49· 3 49·6 4903 59. 6 
Positive Moment 
Column Strip 10.8 1107 11·9 11.1 .9.6 9·9 10.3 7.8 
Middle Strip 1 7.2 18.6 1808 19·3 19·0 18.2 18.0 13.1 
Wall Strip 7.0 6.5 800 9.6 8·9 8.3 7·9 . 804 
Beam 1100 1002 1001 11.6 13.2 14.0 14.6 14.1 
Total Positive Moment 46.0 47.1 48.8 5105 50.7 50.4 50.7 4304 
Total Moment 10000 100.0 100000 100.0 10000 100.0 100.0 10000 
I 
L L. L ~ J l--
TABLE 29 
~·1( lr·U:rn;; AT DF:~; rGN SECTIONS IN THE FLAT SLA.B 
EP';f-: lAin:!. B, l'ERfE,1ID1CULAR TO THE SHALLDW BEAM) TEST 20S 
MEASURED MOMENTS ~KIP-IN) ACI 
DL 1 2 3 4 5 6 DESIGN 
MOMENT 
Exteriqr Negative Moment 
·Column Strip 1004 2000 3014 4029 50S9 7,25 S.03 11·92 
Middle Strip 02S 040 060 .Sl .9S 1.23 1041 3.03 
Interi.or Negative Moment 
Column Strip 2056 50S2 9000 10083 130S3 16024 lSo 55 15044 
Middle Strip 1033 2070 4013 5.49 ' 6053 8042 9054 4.68 
Total Ext. Neg. Moment 1.32 2,40 3074 5010 60S7 S.48 9·43 14.95 
Total Into Nego Moment 30S9 So 52 13013 16032 20036 24.66 2S009 20012 
Average N egati ve Moment 2060 5.46 S.44 10071 13.62 16.57 1S076 - 17053 
Positive Moment 
Column Strip 1.47 2·91 4043 5·90 6042 7057 SoS7 6.60 
Middle Strip 1020 2034 30S7 5057 603S 7010 Sol:~ 5·51 
Total Positive Moment 2067 5025 So 30 11,47 120S0 14067 17004 12011 
Total Moment 5027 10071 16074 2201S 26042 31024 350S0 29064 
TABLE 30 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SlAB 
EDGE PANEL B, PERPENDICULAR TO THE SHALLOW BEAM} TEST 208 
MEASURED MOMENT 10 
DL 1 2 3 4 5 6 
Exterior Negative Moment 
Column Strip 19·7 18.7 1808 19·3 2203 23.2 22.4 
Middle Strip 5.3 3.7 3.6 307 307 3·9 3.9 
Interior Negative Moment 
Column Strip 48.6 5403 5308 48.8 52.3 52.0 51.8 
Middle Strip 25·2 25.2 24.7 24.8 2407 27·0 26.6 
Total Ext. Neg. Moments 25·0 22.4 22.4 23.0 26.0 27.1 26.3 
Total Into Neg. Moments 73.8 79·5 78.5 73.6 77·0 79·0 7804 
Average Negative Moment 49· 3 5100 5004 48.3 51.4 53.1 52.4 
Positive Moments 
Column Strip 27·9 27.2 26.5 2606 2403 24.2 24.8 
Micldle Strip 22.8 21.8 23.1 2501 24.3 22·7 2208 
Total Positive Moment 50.7 49.0 49.6 51.7 48.6 46,9 47.6 
Total Moment 100.0 100.0 10000 100.0 100.0 100_~0 100.0 
ACI 
DESIGN 
MOMENT 
40.2 
1002 
52.1 
15.8 
5004 
67.9 
59·1 
22.3 
18.6 
40.9 
100.0 
1_ _ _ i 1 ______ : l _~ 
TABLE 31 
MOMENTS AT DESIGN SECTIONS IN THE FLAT SLAB 
EDGE PANEL B) PARALLEL TO THE SHALLOW BEAM) TEST 208 
MEASURED MOMENT {KIP-IN2 
DL 1 2 3 4 5 
Negative Moment 
Column Strip 1.26 2034 ' 3097 5030 - 6.14 ,6092 
Middle Strip 1028 2050 3.78 4.84 6042 6098 . 
Wall Strip 1047 2·97 4.52 5012 ' 5.88 7.09 ' 
Beam 065 1023 1·95 2082 4.25 . 5.86 
Total Negative Moment 4.66 9·04 14.22 18.08 22069 26085 
Positive Moment 
Column Strip 073 1.49 2023 ' 2.84 ' 2095 3.02 ' 
Middle Strip 1.02 2006 ' 3015 4021 5,50 5·95 
Wall Strip .37 - 071' 1.05 1043 1091 2.43 
Beam 034 065 094 1.28 1.89 2055 
Total Positive Moment 2.46 4.91 7037 9.76 12025 13·95 
Total Moment 7012 13095 21059 ' 27.84 34·94 40.80 
ACI 
6 DESIGN 
MOMENT 
7·98 ' 6.89 
7.68; 4.12 
8.21 6.67 
7.63 8.16 
31·50 25.84 
3.23 2075 
6068 4012 
2059 2079 . 
3028 4.96 
15078 14.62. 
47028 40.46 
TABLE 32 
PERCErlTACE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SLAB 
Elli;E PAnEL R, PAHALLEL rro THE SHALlDW BEAM) TEST 208 
MEASURED MOMENT ~ 
DL 1 2 3 4 5 6 
Nega.tive Moment 
Column Strip 17.7 16.8 1804 1900 17.6 17.0 1609 
Middle Strip 18.0 17·9 17.5 1704 18.4 17·1 1602 
Wall Strip 20.6 21.3 20·9 18.4 1608 17.4 17.4 
Beam 9·1 8.8 9·0 10.1 12~2 14.4 16.1 
Tota.l Negative Moment 65.4 64.8 65.9 64·9 65·0 65.8 6606 
Positive Moments 
Column Strip 10.3 1007 10.3 10.2 8.4 7.4 608 
Middle Strip 14.3 14.8 14.6 15·1 15· 7 14.6 14.1 
Wall Strip 5·2 5·1 4.9 5·1 5·5 6.0 5·5 
Beam 4.8 4.7 4.4 4.6 5.4 6.2 9.9 
Total Positive Moment 34.6 3502 3401 35·1 35·0 34.2 33.4 
Total Moment 100.0 100.0 100.0 10000 10000 100.0 100.0 
I. 
ACI 
DESIGN 
MOMENT 
17.0 
1002 
1605 
2002 
6309 
6.8 
10.2 
6.9 
1203 
3601 
100.0 
I .. t. _ L __ I l-" 
TABLE 33 
MOMENTS AT: DESIGN-SECTIONS IN' THE FLAT SLAB 
CORNER PANEL C} PERPENDICuiAR TO THE SHAllDW BEAM J TEST 208 
MEASURED MOMENT-~KIP-IN2 ACI 
DL 1 2 3 4 5 6 DESIGN· 
MOMENT 
Exterior Negative Moment 
Column Strip .69 1.34 2,05 2·72 3.77 4.22 4.59 5.96 
Middle Strip .18 038 G 58 080 . 099 1.19 1039 3.03' . 
Wall Strip .18 0.31 ·53 .74 1.21 1·95 2.35 . 2·70 
Beam .16 .25 ' .36 .53' 079 1055 2077 9·2Q 
Interior Negative Moment 
Column Strip 1.50 3004 . 4059 5.88 6092 8020- 9052 7072 
Middle Strip 1.11 20.14 ,- 3.26 -4.10 5.23. 5079 8.65 4.68 
Wall Strip. .24 050 .73 1.05 1014 1025 1042 3085' 
Beam 2068 4.89 7.42 9·48 13007 18075 21082 14.83 
Total Ext. Nego Moment 1.21 . 2.34 3.52 4079' 6.76 8.91 11.10· 20.96 
Total Int .. Negc Mpment 5·5,3 10057 16000 20051 26036 33·99 41041 31008 
Average Negative Moment 3.37 6.45 9076 12.65 . 16056 21045 26.25 . 26.02 
Positive Moment 
Column Strip 081 . 1.53 2.34 3?01 3.18 3.58 4.34 3.30 
Middle Strip 1.07 2003 2·99 4009 5032 5·90 6.59 5·51 
Wall Strip .13 035 063 1020 1.53 1057 1060 1.79 
Beam 1.41 2075 4022 5044 6097 8018 9014 10.59', .' 
Total Positive Moment 3042 6.66 10018 13074 17000 19c23 21.67 21.19 
Total Moment '6.79 13.11 19.94 26.39 33056 40.63' 4.7092, 47.21 
TABLE 34 
PERCENTAGE OF THE TOTAL MOMENT AT D.ESIGN SECTIONS IN THE FLAT SLAB 
CORNER PANEL C J PERPENDICULAR T() THE SHALLOW BEAM) TEST 208 
MEASURED MOMENT ~ 
DL l' 2 3 4 5 6 
Exterior Negative Moment 
Column Strip 10.2 1002 1003 1003 11.2 10.4 9.6 
Middle Strip 207 209 2·9 300 209 209 2·9 
Wall Strip 2.7 2.8 207 2.8 306 4.8 409 
Beam 2.4 ,109 108 2.0 2.4 308 5.8 
Interior Negative Moment 
Column Strip 22.1 23.2 2300 22.3 20.6 20.2 19·9 
Middle Strip 16.3 16.3 16.3 15· 5 15.6 14.2 18.1 
Wall Strip 3.5 3.8 3·7 4.0 304 3.1 300 
Beam 39· 5 37.3 37.2 35·9 33·9 46.1 45.5 
Total Ext. Nego Moment 17.8 17.8 1707 18.2 2001 21·9 2302 
Total Int. Neg. Moment 81.4 804'-6 80.2 7707 7805 83.6 86.4 
Average Negative Moment 49.6 49·2 4909 47.9 49· 3 52.7 54.8 
Positive Moment 
Column Strip 11·9 11.7 1107 11.4 9·5 8.8 9·1 
Middle Strip 1508 15·5 15·0 15·5 15·9 14.5 13·7 
Wall Strip 109 207 3.2 4.5 406 3·9 3.3 
Beam 20.8 21.0 2102 2006 2008 20.1 19·1 
Total Positive Moment 5004 50.8 51.1 52.1 50·7 4703 45.2 
Total Moment 100,.0 100.0 10000 10000 100.0 100.0 100.0 
ACI 
DESIGN 
MOMENT 
12.6 
604 
5·7 
1907 
16.3 
9·9 
801 
31·5 
44.4 
6508 
55·1 
7.0 
1106 
3.8 
2205 
4409 
100.0 
t, L __ I L.J l-' 
!~ 
TABLE 35 
MOMENTS AT DESIGN SECTIONS IN THE FLAT SLAB 
CORNER PANEL C J PERPENDICULAR TO THE DEEP BEAM, TEST 208 
MEASURED MOMENTS ~KIP-INl 
OL 1 2 3 4 5 
.. 
Exterior Negative Moment 
Column Strip .70 1.55 2046 3.06 . 3.78 ··5011 
Middle Strip .56 1022 ·1·91 2059· 3.27 3095 
Wall Strip 048 . .96. 1.46 1075 2039·· ·3021 
Beam .34 . .64 ·94 1.31 1097 2.89 
Interior Negative Moment 
Column Strip 1053 2069 4.54 5.67 6045· 7044 
Middle·St~ip 1.23 . 2040 3.64 4.73 6.30 6·90 
Wall Strip 1.44 2·9l 4.45 5·10 5.82 6·99 
Beam .84 1.64 2.45 3.80 5.45 7.43 
Total Ext. Neg. Moment 2.08 4037 6.77 8.71 11041 15016 
Total Into Nego Moment 5.04 9. 64 15.08 19030 .24.02 28.76 
Average Negative Moment 3.56 7000 10·92 14000. 17071 21.96. 
Positive Moment 
Column Strip .81 1042 2035 3.02 3.47 3·93 
Middle Strip 1.39 2.74 4020 5·95 6044 6092 
Wall Strip 047 092 1045 2037 2.61 2.82 
Beam 073 1041 .. 2.15 2093 3,79 4.80 
Total Positive Moment 3.40 6049 10.15 14.27 16031 18.47 
Total Moment 6.96 13.49 21007 28027 . 34001 40.43 
ACI .. 
- 6 DESIGN 
MOMENT 
6064 . 4095 
4.63 5·51.· 
3.60 5077 
3.67 5·10 
8063. 7 .. 72 
7.72 4068 
8.10 7·51 
9·32. 8.16 
18054 21033 
33.77 28.07 
26.15 24.70 
4.48 3.30· 
7041 5.051 
3.07 . 3·55 
5. 67 5083 
20.63 18019 
---l 
46078 42.89 
TABLE 36 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SLAB 
CORNER PANEL C, PERPENDICULAR TO THE DEEP BEAM) TEST 208 
DL 1 
MEASURED MOMENT (1~ ~ 
2 3 5 6 
Exterior Negative Moment 
Colunm Strip 10.1 11·5 11·7 10.8 11.1 12.6 14.2 
Middle Strip 8.0 9·0 9.1 9.2 9.6 9.8 9.9 
Wall Strip 6 .. 9 7.1 6.9 6.2 7.0 7.9 7.7 
Beam 4.9 4.7 4.5 4.6 5.B 7.1 7.8 
Int~rior Negative Moment 
Column Strip 22.0 19.9 21·5 20.1 19.0 1B.4 1B.4 
Middle Strip 17·7 17.B 17·3 16.7 1B.5 17 .. 1 16.5 
Wall Strip 20·7 21.6 21.1 1B.0 17·1 17·3 17·3 
Beam 12.1 12.2 11.6 13·4 16.0 1B.4 19·9 
Total Ext. Neg. Moment 29·9 32.4 32.1 30.B 33·5 37·5 '39.6 
Total Int. Neg. Moment 72.4 71·5 71.6 68.3 70.6 . 71.1 72.2 
Average Negative Moment 51.1 51.9 51.B 49.5 52.1 54.3 55.9 
Positive Moment 
Colunm Strip 11.6 10.5 11.2 10.7 10.2 9·7 9.6 
Middle Strip 20.0 20·3 19·9 21.0 18·9 17·1 15.8 
Wall Strip 6.8 6.B 6.9 B.4 7·7 7·0 6.6 
Beam 10·5 10·5 10.2 10.4 11.1 11.9 12.1 
Total Positive Moment 48.9 48.1 4B.2 50·5 47·9 45.7 44.1 
Total Moment 100.0 100.0 100.0 100.0 100.0 100.0 100.0 
\ 
ACI 
DESIGN 
MOMENT 
11·5 
12.B 
13. 4 
12.0 
17·9 
10.B 
17.4 
19·3 
49.7 
65.5 
57.6 
7·7 
12.8 
8.2 
13·B 
42.4 
100.0 
l L l-_' 
Negative Moment 
Column Strip 
Middle Strip 
Total Negative Moment 
Positive Moment 
Column Strip 
Middle Strip 
Total Positive Moment 
Total Moment 
TABLE 37 
MOMENTS AT DESIGN SECTIONS IN THE FLAT SLAB 
INTERIOR PANEL EJ TEST 208 
MEASURED NOMENT (KIP-IN) 
DL 1 2 3 4 
2027 4052 6060 9028 11067 
10:24 2045 3074 5053 7013 
3051 6097 10 034 14081 18080 
1002 2004 2093 3098 5.44 
059 1012 1070 2027 3017 
1061 3016 4063 6025 8061 
5012 10013 14097 21006 27.41 
ACI 
5 6 DESIGN 
MOMENT 
13 040 15017 13077 
8065 9040 4012 
22005 24057 17089 
6019 6040 5051 
4020 5037 4012 
10039 11077 9063 
32.44 36.34 27052 
TABLE 38 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SLAB 
INTERIOR PANEL EJ TEST 208 
MEASURED MOMENTS (~) 
DL 1 2 3 4 5 6 
Negative Moment 
Colurrm Strip 4403 4406 44.1 44.1 42.6 4103 41·7 
Middle Strip 2402 2402 .2500 2603 2600 26·7 2509 
TotaJL Negative Moment 6805 68.8 6901 70.4 68.6 68.0 6706 
Positive Moment 
Co1unm Strip 1909 2001 1906 18.9 1908 19·1 17·6 
Middle Strip 11.6 1101 11·3 10·7 1106 12·9 1408 
Total Positive Moment 31·5 31.2 3009 29.6 3104 32 .0 32.4 
Total Moment 100.0 10000 100.0 100.0 10000 100.0· 100.0 
!. 
ACI 
DESIGN 
MOMENT 
50.0 
1500 
65·0 
20.0 
1500 
3500 
100.0 
L_ .. : l_: 
TABLE 39 
MOHFJIT'S AT DESIGN SECTIONS IN THE FLAT SLAB 
EDGE PANEL F, PERPEIIDrCULAR TO THE DEEP BEAM} TEST 208 
-_._---_.,.- ---
MEASURED MOMENT (KIP-IN) ACI 
DL 1 2 3 4 5 6 DESIGN 
MOMENT 
Exterior Negative Moment 
Column Strip 1023 2.41 3079 4066 5073 7.08 10·79 9090 
Middle Strip 044 088 1033 1.60 2012 2043 2·91 5·51 
Interior Negative Moment 
Colunm Strip 2066 5.88 8014 9074 12007 13·89 15085 15044 
Middle Strip 1.24 2.49 3075 4.94 6.20 7.85 9.44 4.68 
Total Exto Nego Moment 1.67 3029 5012 6026 7·85 9·51 13·70 15041 
Total Int. Neg. Moment 3090 8037 11.89 14.68 18.27 21.74 25029 20012 
Average Negative Moment 2078 5083 8·50 10047 13·06 15·62 19050 17·77 
Posltive Moment 
Column Strip 1045 2094 4049 5·95 6044 7·12 7095 6.60 
Middle Strip 1·32 2·53 .3·98 5.76 6.12 6.43 7·17 5·51 
Total Positive Moment 2·77 5.47 8.47 ll·71 12056 13·55 15·12 12.11 
Total Moment 5·55 11·30 16.97 22.18 25062 29·17 34.62 29.88. 
TABLE 40 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SLAB 
EDGE PANEL F} PERPENDICUlAR TO THE DEEP BEAM} TEST 208-
MEASURED MOMENT (~) 
DL 1 2 3 4 5 6 
Exterior Negative Moment 
Colunm Strip 2202 2103 2203 2100 2204 2403 3102 
Middle Strip 709 708 708 702 803 803 804 
Interior Negative Moment 
Column Strip L~7 09 52,,0 4800 4309 4701 4706 4508 
Middle Strip 2203 22.,0 2201 2203 2402 2609 2703 
Total Exto Nego Moment 3001 2901 3002 2802 30,,6 3206 3906 
Total Into Nego Moment 7003 7401 7001 6602 7103 7405 7301 
Average Negative Moment 5001 5106 5001 4702 5100 5305 5603 
Positive Moment 
Column Strip 2601 2600 26,,5 2608 25,,1 2404 2300 
Middle Strip 2308 2204 2304 2600 2309 2200 2007 
Total Positive Moment 4909 4804 4909 5202 49,0 4605 43·7 
Total Moment 10000 10000 10000 10000 10000 10000 10000 
ACI 
DESIGN 
MOMENT 
3301 
1804 
5107 
1506 
5105 
6703 
5905 
2201 
1804 
4005 
100.0 
l L_~: L~ L -{ ~I 
N egati ,re Moment 
Column Strip 
Middle Strip 
Wall Strip 
Beam 
Total Negative Moment 
Positive Moment 
Column Stri.p 
MiddJ.e Strip 
Wall Strip 
Beam 
-~----~-- .... 
Total J?osi tive Moment 
Total M:oment 
TABLE lq 
t·V)f"F]lTS AT DESIGN SECTIONS IN TI-fE FLAT SLAB 
F~I\I;E f'NlF.L F', PARALLEL TD 'l'I-IE DEEP BEAM} TEST 208 
MEASURED MOMENT ~KIP-IN2 
DL 1 2 3 4 5 
1014 2.32 3048 5,25 6029 7.31 
1000 1094 2097 3,90 5024 6074 
024 050 073 1005 1014 1.25 
2cOO 3.76 5.63 7.73 10.67 16020 
4.38 8052 12086 17093 8)034 31050 
047 095 1.48 2.03 2074 3.01 
062 1.27 1084 2.35 3,23 5018 
007 018 024 030 037 ·51 
069 1026 1.89 2039 3015 4,41 
1.,85 3,66 5045 7.07 9· 49 13011 
6.23 12.18 18,31 25000 32083 44.61 
ACI 
6 DESIGN 
MOMENT 
8035 6089 
8019 4.12 
1,46 3·57 
21.38 14.83 
39038 29041 
3021 2075 
6,26 4012 
069 1037 
5·73 7021 
15089 15045 
55027 44086 
TABLE 42 
PERCENTAGE OF THE TOTAL MOMENT AT DESIGN SECTIONS IN THE FLAT SLAB 
EDGE PANEL F) PARALLEL TO THE DEEP BEAM) TEST 208 
1' . ..- •. 
MEASURED MOMENT ~ ACI 
DL 1 2 3 4 5 6 DESIGN 
MOMENT 
Negative Moment 
Column Strip 1803 1900 1900 21.0 19·1 16.4 15.2 1504 
Middle Strip 1601 15·9 16.2 15.6 16.0 15·1 14.8 902 
Wall Strip 308 401 400 4.2 305 2.8 2.6 800 
Beam 32.1 3009 31.0 30·9 3205 36.3 3807 3301 
Total Negative Moment 7003 70.0 70.2 71.7 71.1 7006 7103 6506 
Positive Moment 
Column Strip 7·5 7.8 8.1 8.1 803 6.7 508 6.1 
Middle Strip 1000 1004 1000 904 9·8 1106 1103 902 
Wall Strip 101 105 1.3 1.2 101 1.1 1.2 3.1 
Beam 11.1 1003 1003 9.6 9·6 909 10.4 16.1 
Total Posi.tive Moment 29·7 30.0 29.8 2803 2809 29·4 28,7 3404 
Total Moment 10000 10000 10000 100.0 10000 100.0 10000 10000 
I r l l L __ L. L ___ i L_: 
TABLE 43 
IDMENTS AT DESIGN SECTIONS IN THE FLAT SLAB 
CORNER PANEL J J TEST 208 
DL 1 
MEASURED M) MENT f KIP - IN . j 
235 
Exterior Negative Moment 
Column Strip .65 1.36 1·98 2.67 3·75 5·29 
Middle Strip .60 1.29 1.84 2·33 2.60 3·10 
Wall Strip ·50 1.07 1.60 2.15 3·01 4.79 
Beam 
·.33 ·70 ·91 1.19 1.85 2.27 
Interior Negative MOment 
Column Strip 1·32 2.65 3·98 5.78 6.69 7·90 
·Middle Strip ·90 '1·75 2.69 3·50 5·00 6.40 
Wall Strip .24 ·50 ·73 1.05 1.14 1.25 
Bearn 2.26 4.24 6·50 9·84 14.53 20·52 
Total Ext. Neg. Mom. 2.08 J+ .J-J.2 6·33 8·34 11.2l 15.36 
Total Int, Neg. Mom. 4.72 9·14 13·90 20.17 27·36 36.07 
Average Negative Moment 3·90 6.78 .10.12 14.25 19·28 25·72 
Positive MJment 
Column Strip 
·90 1·74 2.69 3·15 3·54 4.08 
Midd.le Strip 1.07 2.21 3·29 4.74 6.06 6.81 
Wall Stri.p .16 .40 ·52 .69 ·91 1.14 
Beam 1.66 3·35 4·99 6.85 8.41 9·53 
Total Positive Moment 5·79 7·68 11.49 15·43 18·92 21.56 
Total .. MJment 7.69 14.46 21.61 29.68 .38.20 47 .~8 
ACI 
6 DESIGN 
M)MENT 
5·81 4·95 
3·92 5.51 
5·1.3 2.20 
2.60 9·27 
9·06 7 ·72 
7·38 4.68 
1.42 3~85 
24.47 14.83 . 
17.46 21·93 
42,33 ")1.08 
29·90 26.50 
4.68 )·30 
7.44 5·51 
1.40 1.·79 
11.07 10·59 
2 1+,59 21.19 
54,)+9 1t7 .69 
TABLE 44 
PERCENTAGE OF THE TOTAL K)MENT AT DESIGN SECTIONS IN THE FLAT SLAB 
CORNER PANEL J, TEST 208 
DL 1 
Exterior Negative MOment 
Column Strip 8·5 9.4 
Middle Strip 7.8 8·9 
Wall Strip 6.5 7.4 
Beam 4·3 4.8 
Interior Negative MOment 
Column Strip 17·2 18·3 
Middle Strip 11·7 12.1 
Wall Strip 3·1 3·5 
Beam 29·4 29·3 
Total Ext. Neg. MOment 27·1 30·5 
Total Int. Neg. MOment 61.4 63.2 
Average Negative MOment 50.7 46·9 
Positive MOment 
Column Strip 11.7 12.0 
Middle Strip 13·9 15·3 
Wall Strip 2.1 2.8 
Beam 21.6 23·0 
Total Positive MOment 49.3 53·1 
Total lliment 100.0 100.0 
MEASURED MJMENT ~ ~ 
4 2 3 
9·2 9·0 
8·5 7·9 
7.4 7·2 
4.2 4.0 
18.4 19.5 
12.4 11.8 
3·4 3·5 
30.1 33.2 
29.3 28.1 
64.3 70.0 
46.8 48.0 
12.5 10.6 
15.2 16.0 
2.4 2·3 
23·1 23·1 
53·2 52.0 
100.0100.0 
{ 
i. 
9.8 
6.8 
7·9 
4.8 
17·5 
13·1 
3·0 
38.0 
29·3 
71.6 
50·5 
9_·3 
15·9 
2.4 
22.0 
49.5 
100.0 
, ACI 
5 6 DESIC;N 
ID,MENT 
11.2 10·7 10.4 
6.6 7·2 11·5 
',10.1 9·4 4.6 
4.8 4.8 19·5 
16.7 16.6 16.2 
13·5 13·5 9·8 
2.6 . 2.6 8.1 
43·4 44·9 31.1 
32.5 32.0 46.0 
76·3 77.6 65.1 
54.4 54·9 55·6 
8.6 8.6 6·9 
14.4 13·7 11·5 .. 
2.4 2.6 3·7 
20.2 20·3 22.2 
45·6 45·1 44.4 
100.0 100.0 100.0 
L t L __ L ' 
-' 
TABLE 45 
COMPARISON OF MOMENT COEFFICIENTS IN VARIOUS CODES 
ACI British German 
1920* 1928 193b 1941 195b 1960 1957 
Interior Panel 
Drop Panel 
Col. -M 
·50 ·50 ·50 050 ·50 050 .49 
Mid. -M .10 .15 .15 .15 .15 .15 .17 
Col. +M .18 .20 .20 .20 .20 .20 019 
Mid. +M 012 015 .15 .15 .15 .15 .15 
No Drop Panel 
Col. -M .40 046 .46 .46 .46 .46 .45 
Mid. -M .10 .16 .16 .16 .16 .16 .15 
Col. +M .18 .22 .22 .22 022 .22 .22 
Mid. +M .12 016 016 016 .16 .16 018 
Exterior Panel 
Moment Perp. 
to Beam. 
Drop Panel 
Ext. Negative 
6** Col. -M .40 .. 45 .45 .45 .3 .45 0 
Mid. -M .08 .09 .10 .10 .20 .10 0 
Int. Negative 
Col. -M .60 050 050 ·55 056 .50 .56 
Mid. -M .12 015 .15 .165 .17 .15 .19 
Positive 
Colo +M .22 .25 025 .25 .24 .25 .35 
Mid.. +M .14 .19 .19 .19 .20 .19 .28 
No Drop Panel 
Ext. Negative 
Col. -M .32 0425 041 .41 .32 .41 0 
Mid. -M .08 .10 .10 .10 .20 .10 0 
Into Negative 
Col. -M 048 .46 .46 ·50 .50 046 .49 
Mid. -M .12 .16 .16 .176 018 .16 .16 
Positive 
Col. +M .22 .275 .28 .28 .28 .28 .37 
Mid. +M .14 .20 .20 .20 .20 020 
·38 
* In the 1920 Code) the moment coefficients did not add up to one. The 
apportionment of the difference between the sum of the specified coefficients 
and one was left to the discretion of the designer. 
** The 1956 ACI Code was the first in which a dist-inction was made as to the 
type of support at the discontinuous edge. The coefficients shown in the table 
are for a slab supported on a beam. with a total depth at least three times the 
slab thickness. 
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FIG. 9 BC1J.1TOM STEEL IN THE PROTOTYPE FLAT SLAB 
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FIG. 12 LAYOOT OF THE FLAT PLATE TEST· STRUC'lURE 
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FIG. 13 LAYOOT OF THE FLAT SLAB TEST STRUC'IDRE 
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FIG. 14 COLUMN DETAILS OF THE FLAT PLATE TEST STRUCTURE 
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APPENDIX A 
MA-rrERlALS AND FABRICATION 
A.l Concrete 
The test structures were cast using a small-·aggregate concrete 
consisting of Type 1 portland cement) a blend of coarse Wabash Ri.ver sand 
and fine lake san~ and water. 
Before the casting of the first test structure) the flat plate) 
numerous trial batches of concrete were made in order to determi.ne the 
proportions of the mix which would produce a mix havj.ng the desired 
characteristics. Those characteristl.cs were a compressive strength) ff of 
C 
3000 psi) and a mix .which could be placed in the forms wi thou.t too much 
difficulty but which would also not have excessi.ve bleeding. 
In the trial batching it 'was found that a blend. of the course 
Wabash River sand and the fine lak.e sand i.n the proporti.ons of ·4~1 by weight 
would produce a mix in which bleeding was a mi.nimum. 
Tests of 2 by 4-in. cylinders cast from the trial ba.tches in~ 
dicated that the desired strength and. workabili.ty cha.racter.i.sties could. 
be obtained with a water j cement ratio by wel.ght of 0078 a.nd a sand: cement 
ratio by weight of 6.1. 
The mix proportj.ons for the second test structure) the flat slab., 
were adjusted using the properties of the concrete used in the flat plate 
and subseCluent trial batching as a guide. The final mi.x selected for the 
flat slab had a water: cement rati.o by we:i.ght of 0.72 and a sand~ce.men.t ratio 
by weight of 5.7. 
The concrete for both structures was .mi.xed in a. non-ti.lting 
drum-type mixer of 6 cu. ft. capacity. Twelve batches were req:Ji.red for 
each of the structures and their control specj.mens. The mixi.ng time for 
each batch was three minutes. 
The following control specimens for determining the properties of 
the concrete were made. Cylinders were cast for determining the compressive 
strength of the concrete and small beams were cast for determining the 
modulus of rupture. For both the flat plate and the flat slab) 2 by 4-in. 
control cylinders were made) and for the flat slab) 4 by 8-in. cylinders 
were made as well. The modulus-of-rupture beams for both slabs were 2-in. 
wide) 1 3/4 in. deep and 18 in. long. All of the control specimens were 
stored under wet burlap for seven days after they were cast and then they 
were painted with DuPont "Traffic Whiten paint. 
The modulus-of-rupture beams for both slabs were tested by loading 
them at the one-third points of a 15-in. span. The beams for the flat plate 
were tested in a screw-type testing machine with a 1000-lb range. Those 
for the flat slab were loaded with a screw-type jack mounted on a steel 
frame. The load was measured with a 10)000 Ib elastic-ring dynamometer which 
was equipped with a O.OOl-in. Ames dial and had a sensitivity of 15 Ib per 
dial division. 
A.2 Slab Reinforcement 
The slab reinforcement used in both test structures consisted of 
lIS-in. s quare cold finished steel bars. In the flat plate) the bars were 
c 1018 steel and in the flat slab. th~ywereBll13 steel. .Both of these 
types of bars had stress-strain curves which did not have a well-defined 
yield point. The stress at 0.2 percent offset was about 90)000 psi for the 
C 1018 steel and about 75)000 psi for the B 1113 steel. Therefore) it was 
necessary to anneal both types of steel in order to obtain stress-strain 
characteristics similar to those of intermediate grade steel which is 
ordi.narily used in practice. 
For the flat plate) several small batches of the C 1018 steel were 
annealed by the Fred A. Snow Company of Chicago at temperatures ranging from 
600 to 1300 degrees Fahrenheit. Tension tests were made on samples ~rom each 
of the test batches and) on the basis of those tests) an annealing temperature 
of 1075 degrees was chosen as the one which gave the best results. 
The steel for the flat plate test structure was annealed for six 
hours at 1075 degrees Fahrenheit. Samples were tested in a screw-type 
testing machine with a lOOO-lb range. The stress-strai.n properties of some 
of the bars were determined with an electrical extensometer with a gage 
length of 2 in. A few samples were tested in the 6000-lb range of.a 
hydraulic testing machine which had an automati.c stress strain recorder. 
The steel had a well-defined yield point and an average yield stress of about 
37)000 psi. 
Since a different type of steel was used in the flat plate) the 
process of a..'1nealing trial batches in order to determi.ne the optimum annealing 
temperature !-lac. to be repeated. Small trial l.ots were annealed by the Fred 
A. Sno\..' CC";::;::a:::: 0 f Chicago at temperatures of 950, 1100) 1.300 and 1450 F for 
a minir::..c.; te:-;..~,: of ~hree hours. On the basis of tensi.on tests on sampl.es 
from ea::. ~ =:, :-: :JQ F was chosen as the optimum annealing temperature to 
produe e ._:-:.,. ~:": .. :-f .... :. s :.res s -s train properties . 
• ;-x " :-e::; s -s train properties of the steel were determined from 52 
samples 8. ... ~";' • 
.:.. r~. long which were selected at random from the steel which 
was used if; ~:.~. :~S t slab. About half of the samples were tested in the 
1000-lb ra.'1ge cf a screw-type testing machine . The rest were tested in .the 
lQOO.~J.,b range of a 10 )OOO-lb:hydraul.ic .. testing machine which was e<luipped with 
all<·automatic· load-def'ormgti9n. recording device. The steel had a well-defined 
yield point and an average yield stress of about 42)000 psi. 
J 
J 
A.3 Beam and Column Reinforcement 
I 
The same type of·steel was used in both test structures for the beam I 
--! 
and column reinforcement. It consisted of 1/4-in. diameter) plain) hot-
rolled bars. Samples of these bars were tested in the 6000-lb range of a 
hydraulic testing machine. The average yield-point stress was 49)000 psi 
and the modulus of elasticity was 30)000)000 psi. The ultimate stress was 
about 67)000 psi and the elongation at fracture was about 22 percent in 4 in. 
A.4 Fabrication of Reinforcement 
The 1/8 in. square slab reinforcement and the 1/4 in. round bars 
were given a surface treatment to improve bond. They were first washed 
in a solution of hydrochloric acid to remove grease. They were then placed 
in a fog room to rust for a period of about two weeks. During the two week 
period the bars were shifted periodically to make sure that all surfaces 
were exposed. After this period) the bars were removed from the fog room) 
allowed to dry) and then cleaned with a wire brush. 
The 1/8 in. square slab steel was tied in mats before placing j.t in 
the forms. The mats were prepared by placing the bars in ji.gs to space them 
properly and ty~ng the bars together in a sufficient number of places to 
make the mats quite rigid. 
All of the column steel and as much of the beam steel as possibJ.e 
was tied together in cages before being placed in the forms. 
The locations of all of the strai.n gages were marked on the slab 
and beam steel. At every point where a strain gage was to be attached) the 
surface of the steel was polished with an electric grinder and emery paper 
and then given a protective coating of Duco cement. Cork blockouts 
approximately two inches long and one-quarter inch wide were then glued or 
tied to the prepared surfaces. 
A.5 Forms 
For both test structures) the slab form consisted of 3/4-in. 
plywood. In the case of the flat plate) the plywood was supported on 4 
by 6-in. joists spaced at 15 in. For the flat slab) the plywood was 
supported by 2 by 6-in. joists at 15 in. whi.ch were in turn supported by 
4 by 8- in. joists at 20 in. The exterior faces of the beams in both sl.abs 
were formed by steel channels. 
Great care was taken in aligning the beam and column forms 0 
The plywood slab forms and the steel channels were checked careful.ly to 
make sure they were level and that the correct slab thickness was 
maintained throughout. 
The forms were thoroughly oiled before the reinforcement was 
put in place. 
A.6 Placing of Reinforcement 
The column and beam cages were placed f:Lrst. The co1.umn cages 
were held in position by spacers which were wired to the long.i.tudinal 
steel. The beam cages were supported by .3/8-i.n. steel. chairs next to 
the columns and by the cork blockouts at midspan. 
The slab bottom steel mats were placed next. They were supported 
on chairs which were made from l./4-in. square bars which were notched to 
clip onto the slab steel. The mats were securely tied to the slab form 
at each bar support. 
The slab top steel mats were placed last and were supported on 
chairs similar to the bottom steel supports which were made of 1/ 4-i.n. 
bars. The top mats were also securely ti.ed down, either di.rectly to the 
form or to the bottom mats. 
Screed strips made of 5/8-in. pipe were placed in one direction 
only at approximately the mid-point of each strip of the slab., ASter all 
of the reinforcement and the screed strips were in place) a screed was run 
over the entire slab to make sure that there would be no obstructions 
to screeding during casting. 
A.7 Casting and Curing of the Test Structures 
Mixing and placing of the concrete required about five hours 
for the flat plate and about four and a half hours for the flat slab. 
The concrete was transported from the mixer to the forms in 
wheel barrows. It was then lifted to the form in buckets and carefully 
placed in the form in small quantities. Since the slab steel consisted of 
relatively small bars, it was necessary to be careful not to bend them 
while placinG the concrete in the form. 
The CC:1crete in the beams and columns was vibrated internally 
and the for::.:, 'Jere vibrated externally. Small holes had been drilled in 
the bot :0= c:' :rJ; column forms in order to be able to observe when the 
columns .-e re ~.~.:.. ':",.,:'j wri th concrete. As soon as concrete started coming 
out of :~,e :. > .. :. ·~hey were plugged with corks. 
::.,-: ~: ~a: concrete was vibrated with a vibratory screed con-
sisting 01- a ·;.:.t:-a~or rigidly clamped to a 7-ft length of 4-in. channel. 
The vibra:crJ r,::reed was held about 1/16 in. above the screed strips and 
moved slo"'':'y eve r the concrete in the form. Finish-screedi.ng with a 
7-ft length of 4-in. channel followed immediately after vibrating. As 
soon as two adjacent strips of the slab were vibrated and screeded) the 
pipe screed strips and the blocks supporting them were removed. The 
J 
I 
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surface of the concrete was finished with a steel float after the com-
pletion of casting. 
About five hours after casting of the concrete was completed) 
the slab and control specimens were covered with wet burlap. The burlap 
was kept wet for seven days) after which time the forms were removed. 
After the forms were removed) the slab and control speci.mens were 
painted wi.th DuPont IITraffic Whiten pai.nt. 
A.8 Applicati.on of Strain Gages· 
After the forms were removed and the structures were painted) 
the strain gages were applied to the slab and beam steel. The cork black.-
outs cOlUd be fou.nd without much difficul.ty by gently tapping the surface 
of the slab with a hammer. When they were located) the blockou.ts were 
removec. and the protective Duco cement was removed from the previously 
prepared surface of the steel with acetone. The surfaces where the gages 
were to be applied were again lightly poli.shed wi.th fi.ne emery cl.oth and 
ther. clew~ed with acetone. The steel surface and the strain gages were 
bo~:r. £~ ve:-: a coat of Duco cement. The gages were then gently placed on 
the G tee:' ar:::i air bubbles were pressed out. A l-lb wei.ght was then p.laced 
on t~e [.~e w~d left in place for approximately four mi.nutes. 
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A"PPENDIX B 
REACTION DYNAM)METEBS 
Special dynamometers were designed and built at the Dni versity 
of Illinois for use in the investi.gation of reinforced concrete floor 
slabs. Their purpose was to measure components of the column reactions 
in three directions for each of the sixteen columns in the test structures. 
Each of the sixteen dynamometers was a tri.pod consisti.ng of a 
steel base) three tubular steel legs) a ball seat) and a polished steel 
ball. The dynamometers were essentially space trusses with the load 
applied to the ball in its seat and transmitted through the three legs 
to the base plate. Each base plate was bolted to a steel plate on top 
of the conc.rete piers of the reaction frame described in Sec.tion )-/-.2 of 
the text. The legs of the dynamometers were instrumented with electrical 
resistance strain gages and the dynamometers were calibrated so that when 
an unknown load was applied to the ball) the s trai.ns measured in each leg 
could be used to compute components of the reacti.on in three known 
directions. 
The dynamometer legs were machined from pieces of 3/4 i.n. steel 
plate cut parallel to the direction of rolling and had outside. and insi.de 
diameters of 3/4 in. and 1/2 in.) respectively. The material for the 
legs was T-l steel) a low carbon) quenched and tempered alloy steel. The 
proportional limit stress of the T-l steel was about 100 k.si and the 
ul timate stress was about 127 ksi as determined from samples cut parallel 
to the direction of rolling. The base plate was made from 3/4 in. steel 
plate. 
In order for the dynamometer legs to be subjected to direct stresses 
only) the ends of the legs would have to be hinged. Since it was not 
practical to provide hinged connections between the legs and the base 
plate and ball seat) fixed connections were used. The legs were in-
serted into holes drilled into the base plate and the ball seat and 
the connections were brazed. 
The ball seat was recessed to receive the 3/4 in. polished 
steel ball. The dynamometer legs were oriented in the ball seat so that 
their axes intersected the center of the steel ball. In plan) the legs 
were oriented at 120 degrees from each other. 
Two type A7 SR-4 strain gages were applied to each leg of 
the dynamometers. The longitudinal axes of the gages coincided with 
that of the leg. The gages were mounted at mid-height on opposite sides 
of the leg at points which would be intersected by the circumference of 
a circle passing through the axes of the three legs of the dynamometer. 
In order to average the strain indicated by each gage) the two gages 
were co~nec:ed in series in the electrical circuit. 
The dynamometers were calibrated by loadi.ng in three different 
kno~ d:~ec:i8~s. For a unit load in a given direction) the average 
strain i::::!;.cated by the strain gages was the preliminary dynamometer 
constan~. After deSignating the legs of the dynamometer as 1) 2 and 3 
and the tt:ee selected directi.ons also as 1) 2 and 3) a set of ni.ne 
constar.ts, three for each leg) was obtained as follows when the load 
was applied in directions 1) 2 and 3· 
Direction 1 Direction 2 Direction :z, 
./ 
Leg 1 CII C12 CI .3 
Leg 2 C21 C22 C23 
Leg 3 C31 C32 C33 
I 
.J 
J 
I 
-..J 
When a force of unknown direction and magnitude was then 
applied to the dynamometer) three strains were registered) one in each 
leg) such as ~) 6 2 and 6 3 . The magnitude and direction of this load 
could be determined by writing three e~uations for the three strains 
in terms of the components of the load in the directions of calibration) 
In order to obtain the reactions directly) this matrix was 
inverted in this set of e~uations to give the values of Pl ) P2 and P3 
in terms of ~) 6 2 and 6 3 . 
P 1 Sl L\ + K21 6 2 + ISl 6 3 
P2 Rl2~+K2262+~263 
P 3 = KJ.3 L\ + K23 ~ + ~3 6 3 
The final dynamometer constants) K) were functions of the 
preliminary constants) C) which were determined directly. Since the 
directions of calibration did not have to be co-linear with the desired 
system of axes) the dynamometers under the edge and corner columns were 
placed so that two legs in compression resisted the outward thrust in 
order to distribute the stresses in the legs more uniformly. The final 
dynamometer constants were then modified according to the orientation 
of the dynamometer to give the vertical) north and east components of 
the column reaction directly. 
.J 
-, 
C.l Introduction 
At'PENDIX C 
SPANDREL B.EAMS 
In order to be able to compute beaIT\, shears tn the test structures 
from the moments computed from measured steel strains) it was necessary 
to know approximately how the load was di.stri.buted on the beam. further-
more) since the strain gages on the beams in the test structures were not 
exactly at the face of the columns) it was necessary to .know the load 
distribution on the beam in order to be able to project the moment from 
the gage to the column face. 
Two sources were used in determining the theoretical. d:i.stribution 
of load on spandrel beams ) neither of whi.ch exactly represented the 
spandrel beams in the test structure. In References 22) 23 and 24) A. Aug 
reported his studies of the effect of spandrel beams on the moments i.n an 
individual panel of a flat plate. Sixteen cases were stadied in which 
the torsional and flexural stiffnesses of the spandrel beams were varied 
from zero to infinity. The deflec.tions computed at eac.h point of the 
finite difference grid for those solutions were used i.n this study to 
compute the distribution of load al.ong the spandrel beams. Aug also made 
an analysis of a nine-panel flat plate which had spandrel beams with 
approximately the same torsional. and flexural stiffnesses as the beams i.n 
the test structures. The data obtai.ned in that analysis ,were also used to 
compute the variation of load on the spandrel beams. 
In this Appendix) the theoretteal. distributions of load on the 
spandrel beams which were obtained from the above analyses are presented. 
Differences between the theoretical structures and the actual stru.ctures 
and the effect of those differences on the distribution of load on the 
beams are discussed. Finally) the assumptions which were used in 
computing moments and shears in the beams in the test structures are 
given. 
C.2 Theoretical Distribution of Load 
In the study of the effect of spanQrel beams with various 
torsional and flexural stiffnesses on the moments in the edge panel of 
a flat plate) the following assumpti.ons were made. The panel was a 
square panel with an infinite number of panels on three s:i.des. The 
columns were point. supports) and the beam was a line support between the 
columns. The panel was divided into a ten-by-ten grid and analyzed by 
finite difference equations using Newmark's plate analog. In order to 
determine the distribution of the load on the spandrel beam) the shear 
at the beam end of each of the bars in the grid perpendicular to the 
beam and immediately next to it was computed. The operator used in 
determining the shear at the end of the bar was: 
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The curves representing the distribution of load on spandrel 
beams with torsional and flexural sti.ffnesses nearly eq,ual to those in the 
deep and shallow beams of the test structures as determined from the above 
analysis are shown in Fig. A.l. The deep and shallow spandrel beams in the 
test structures had nearly eq,ual values of torsional sti .. ffness) J. J was 
computed assuming the beams to be rectanguJ.ar and uncrack.ed. For the 
beams in the flat plate) J for the deep beam was 0.020 and J for the 
shallow beam was 0.029. The spandrel beams In the flat slab had nea.rly the 
same torsional stiffnesses as those in the flat plate. The curves i.n the 
figure are for beams with J = 0.25. The flexural sti.ffnesses) H) of the 
beams in the flat plate were 0.90 and 0" 26 for the deep and shallo'W' beams., 
respecti vely. Again, the beams in the flat slab had nearly the same flexural 
stiffnesses as those in the flat plate. In Fig.Aul) curves are shown for 
beams with flexural stiffnesses of 0025 and 1.0. Since both beams 
represent":::: t:; the curves in the figure have the same torsional sti.ffness; 
the on.ly :.i::e:-ence between them is their flexural stiffnesses. In the 
figure. t;~>.:: :::a:'. in terms of W/L, l,S plotted verti.ca1.1y and the dist8.-11Ce 
along ::.~. ~ ___ ':l..'7. ~ [ pl.otted horizontally, The end of the beam i.s at the 
left : l:if:: ~" ••. ~. :- 19ure and the centerline of the beam is at the rlght 0 
J~ .:_::-:;<:J.:-ic:on of the two cu.rves in Fig.Aol for 1BPoint Supports 99 
indi:: a :.e: \T' :-'. ~ ... +_ tie difference in shape wi.th variation. in flexural 
stiffne;c.: . ::. l; •.. _:-, curves are characterized by concentrati.ons of load at 
the sup;:::-'_ a.""'."":' ':e ry low loads) relative to those at the supports) at mi.d-
span. The rat:.o of the load at the support to that at mi.dspan 1.S 14.6 for 
H = 0.25 and 8.5 for H = 1.0. 
The curves for the spandrel beams whi.c.h were a part of the nine-
panel flat slab were obtained in the same way as those above. However, in 
this case the columns were square, clL = 0.1, and they were assumed to be 
rigid. The beams were assumed to be line supports at the column centerlines. 
The torsional and flexural stiffnesses of the beams were identical to those 
for the beams in the single edge panel on point supports. The :load dis-
tribution curves for the spandrel beams in the nine-panel flat plate are 
shown. on Fig .A:.l along with the two curves described above. The curves for 
the two beams in the nine-panel flat plate have the same general shape but 
they are entirely different from the curves for "point supports". They have 
a negative load) indicating an uplift) at and near the column face. At about 
0.08 L from the column the load becomes positive. In about the middle third 
of the span) the load is nearly uniform. The negative load at the column 
seems quite illogical. However, it comes about from the assumption of non-
deflecting supports. In the analysis) the slab behaves in the vicinity of 
the column as if it pivoted about a line drawn through the column face which 
projects into the slab. .As i t pivots it lifts up on the beam which :i..s l.ocated 
behind the column face. 
The four curves shown in Fig .A.l are indicative of the influence 
which the columns) (their size) their location w:i..th respect to the beam 
and their rigidity) have on how the load from the slab is distributed along 
the beam. In the case of the slab on point supports, the load piled up 
on the support. On the contrary, in the case of the beam in which the 
column projected into the slab beyond the face of the beam) the corner 
of the non-deflecting column acted essentially as a point support and not 
only drew load from the beam but produced an uplift on it. Ne:i..ther of these 
cases represents the situation in an actual structure. In a real struclhtLr.e 
there are neither point supports or non-deflecting support's. The actual 
support condition is probably intermediate between the two extreme cases 
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· presented here. 
In the case where the face of the beam and the face of the 
column coincide) the theoretical distribution for point supports might 
be approached if the support did not deflect. However) i.n reality the 
support does deflect so the distribution may be nearly uniform. In the 
case where the column projects into the slab in a real structure it also 
deflects. .As a result) the load may be trapezoi.dal or nearly uniform 
depending on how far the column projects into the slab and how much .i t 
deflects. A column capital could be expected to deflect more than a 
column with no c.apital. In any event) i.t is reasonable to expect 
differences in the distribution of load on the beam dependi.ng on whether 
or not the column projects into the slab and whether or not there are 
capitals. 
C.3 Assumptions used for the Test Structures 
The differences between t;he theoretical analyses of spandrel 
beams and actual structures and the effect of those differences Oli the way 
in which load is distributed on the beams outlined i.n the previ.o1Js section. 
were used as guides in assuming the distrtbution of load on the span.<lr.el 
beams in the test structures. 
The assumed distribution of l.oad for the shallow and deep beams 
in the flat plate and flat slab are shown i.n Figo A,2o The deep beams in 
thethe flat plate were assumed to have a. uni.form distribution of load where-
as those in the flat slab were assumed to have a trapezoidal di.stributi.on. 
Different assumptions for the two cases were used because the columns i.n 
the flat slab projected into the slab much more than those in the flat 
slab did and therefore it was assumed that the shea.r would tend to pile u.p 
more at the corner of the column. 
The load was assumed to be distributed uniformly on the shallow 
beams of the flat slab. In the shallow beams of the flat plate) a dis-
tribution similar to the theoretical distribution was assumed) though with 
a much smaller difference between the load at mi.dspan and the load at the 
support. The ratio between the load at the support and the load at midspan 
was assumed to be five. In the interior span) the load was assumed to be 
uniform over the middle six tenths of the span. The exteri.or spans were 
similar except that there was assumed to be no increase in load at the 
corner columns. The different assumptions were made for the flat pl.ate 
and flat slab because in the flat slab the column projected into the slab 
and in the flat plate the faces of the column and beam coincided. 
In every case the beam shears computed from the measured steel 
strains using the various assumptions concerning the distribution of the 
load were checked against the measured column reactions. In some instances 
the distributions sho~~ were reached by trial and error because initial 
asswnptions gave beam shears which exceeded the column reactions. 
The ef:e~t of the manner in which load is distributed on the beams 
on the sha;:'e :-:' *,!'V:: ::lament curve is shown in Fig. A.3· For a given value 
of total wo:::e~.:. ea::-:- of the assumed distributions of load would give a 
different ~o· . .::..: ~'~ 0.:1 on the beam. The trapezoidal di.strrbution would give 
the le.as t t::)· a..:. ~< a::i a.'1d the distribution with load concentrated at the 
supports "'''"C:)~:: i- ~ ';e ~he most. 
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The column capi tal profile shall not fall at any point inside an 
inverted cone drawn) as shown in Figo lOa from the periphery of the designed 
capi tal of diameter c and with a base. ~gle of 45 degrees 0 The diameter of 
the designed capital c shall be taken where the vertical thickness of the 
column capital is at least 1 1/2 ina 
The droPJ where usedJ shall not be less than 003 L in widtho 
Where paneled ceilings are used the paneling shall not exceed one-
half of t.he slab thickness in depth and the dimension of the paneling shall 
not exceed 008 of the panel dimensiono (See Figo 10c) 
(c) Slab Thickness - The slab thickness shall not be less than 
to= Oo02L~W+l ina 
1 In no case shall the slab thickness be less than 32 L for floor slabs 
1 
nor less than 40 L for roof slabso 
Cd) DeSign Moments - The numerical sum of the positive and negative 
Of this total 
amount not less than 40 percent shall be resisted in the column head sectionso 
Where a drop is used not less than 50 percent shall be resisted in the column 
head sectionso 
Of the total amount not less than 10 percent shall be resisted in 
the mid sectiono 
Of the total amount not less t.b.an 18 percent she,ll be resisted in 
the outer sectiollo 
Of the total amolUlt not less than J2 percent shall be resisted on 
the inner sectionso 
The balance of the moment shall be distr.ibuted between the various 
sections as required by the physical details and dimensions of the partic111ar 
design employedo 
q = distance, from center line of the capital to the center of 
gravity of the periphery' ,of the half capital divided by ]./2 Co 
For ,round capitals q may be considered as tw~-t1iirds and for 
square capitals as three-quarters. 
t = total slab thickness in inches. ~ 
L = average span in feet center to center of columns, but not less 
than 0.9 of the greater span. 
The column ,head section, mid section, outer section, and inner section 
are located and dimensioned as shown in Fig" 9. Corresponding moments shall be 
figured on similar sections at right angles to those shown in Fig. 9. 
(b) structural Variations - Flat-slab floors may be built ~th or 
wi thout caps, drops or paneled ceilings" These terms are illustrated in Fig 0 
10. 
Where caps are employed they shall be considered a part of the columns 
ana the column capital dimension c shall be found by extending the lines of the 
capital to an intersection ~th the p~~e of the under sl~face of the slab as 
indi ca ted in Fig., lOb., The cap shall be large enough to enclose thi s extension 
of the capital lines. 
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(h) ftxraD~ement of Reinforcement - The design should include ade~uate 
provision for securing the reinforcement in place so as to take not only the 
maximum moments but the moments of intermediate sections" If bars are extended 
beyond the column capital and are used to take the bending moment on the 
opposite side of the column} they must extend to the point of inflection" 
Bars in diagonal bands used as reinforcement for negative moment should extend 
on each side of the line drawn through the column center at right angles to 
the direction of the band a distance e~ual to 0035 of the panel length, and 
bars in the diagonal bands used as reinforcement for positive moment, should 
extend. on each side of the diagonal through the center of the panel a distance 
equal to 0035 of the panel lengthe Bars spliced by lapping and counted as 
only one bar in tension shall be lapped not less than 80 diameters if splice 
is made at point of maximum stress and not more than 50 percent of the rods 
shall be so spliced at any point in any single band or in any single region 
of tensile stress 0 Continuous bars shall not all be bent up at the same 
po'int of their length, but the zone in which this bending occurs should extend 
on each side of the assumed point of inflection 0 
(i) Tensile and Compressive stresses - The usual method of calcu-
lating the tensile and compressive stresses in the concrete and in the 
reinforcement, based on the assumptions for internal stresses, should be 
followed 0 In the case of the drop panel} the section of the slab and drop 
panel may be considered to act integrally for a width equal to a width of the 
column head section. Within the column head section the allowable compres-
sion may be increased as prescribed in Section 41 for continuous memberso 
(j) Provision for Diagonal Tension and Shear - In calculations for 
t.he shearing stress which is to be used as the means for measuring the 
resistance to diagonal tension stress} it shall be assumed that the total 
(e) Exterior Panels - The negative moments at the first interior row 
,of columns and the positive moments at the center of the exterior panel on 
sections parallel to the wall, shall be increased 20 percent over those 
sp'ecified above for interior panels 0 If girders are not provide~ long the 
colunm line, the reinforcement parallel to the -wall for negative moment in 
the column head section and for positive moment in the outer section adjacent 
to the wall, shall be altered in accordance ~th the change in the value of co 
The negative moment on sections at the wall and parallel thereto should be 
determined by the conditions of restraint, but must never be taken less than 
80 percent of those for the interior panelso 
(f) Relilforcement - In the calculation of moments all the rei~1orcing 
bars which cross the section under consideration and which fulfil the require-
ments given under "Arrangement of Reinforcement« may be used. For a column 
head section reinforcing bars parallel to the straight portion of the section 
do not contribute to the negative resisting moment for the column head section 
in question 0 The sectional area of bars, crossing the section at an angle, 
multiplied by the sine of the angle between these bars and the straight 
portion of the section under consideration may be taken to act as reinforcement 
in a rectangular direction 0 Calculations for shearing stress shall be made in 
accordance with Section 440 
(g) Point of Inflection - For the purpose of making calculations of 
moment at sections away from the sections of negative moment and positive 
moment already specified, the point of inflection shall be taken at a distance 
rrom center line of columns equal to 1/5 (l2-qc) + 1/2qco This becomes 1/5 
(l2+c) where capital is circularo For slabs having drop panels the coefficient 
of 1/4 should be used instead of 1/50 
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(1) Unusual Panels = The coefficientsJ steel dist~ibutionJ and thick~ 
nesses recommended are for slabs which have three or more rows of panels in 
each direction and in which the sizes of the panels are approximately the sameo 
For structures having a width of one or. two panelsJ and also for slabs having 
panels of markedly different sizes,? an analysis should be made. of the moments 
developed in both slab and columns and the values given herein modified 
accordingly 0 
(m) Oblong Panels = The requirements of design herein given for flat 
slab floors do not apply for oblong pa.n.els where the. long side is more than 
four-thirds of the short side 0 
Cn) Bending fuments in Columns - Provision shall be made in both 
wall columns and interior columns for the bend:i.ng moment which will be devel= 
oped by unequally loaded panelsJ eccentric loadingJ or uneven spacing of 
columns 0 The 800unt of moment to be taken by a column will depend on the 
relati ve stiffness of columns and slab.v and computations may be made by 
rational methodE such as the principle of least work or of slope and deflectiono 
G8nera.llv the largest part of the uneqlJalized negati~Je moment will be trans= 
mi tted 'to th~ colur.ns and the columns shall he designed to resist this 
bending :lO::le:::. Esr-cial attention shall be given to 'Wall colurnns and corner 
columns. Co:'~ capitals shall be designed.1 and reinforced 'Where necessary,? 
with th~se co:-...L t.~ons in mindo 
The r-e 5 ~ stance of any -wall column to bending in a direction perpen'" 
dicular to th-: 'w"D..ll shall be not less than 0004 'Wll (l2~qc)2 in whi.ch 1,2 is 
the panel dioe!1!jion perpendicular to the 'W8~11o The m.oment in such a wall 
colmnn may be reduced by the balancing moment of the weight of the struetu.;r:e 
which projects beyond the center line of the supporting wJll column 0 
vertical shear on a column head section constituting a width equal to one-
half the lateral dimension of the panel, for use in determining critical 
shearing stresses, shall be considered to be one-fourth of the total dead-
andc·li ve-load on a panel for a slab of uniform thickness, and to be 003 of 
the sum of the dead- and live-loads on a panel for a slab with drop panels 0 
The formula for shearing unit stress shall be v = o~~~ for slabs of uniform 
thickness and v = 0 ~~~w for slabs with drop panels, where W is the sum of 
the dead- and live-load on a ,panel, b is half the 'lateral dimension of the 
panel measured from center to center of columns, :and jd is the lever arm of 
the resisting couple at the section. 
The calculation for punching shear shall be made on the assumption 
of a uniform distribution over the section of the slab around the periphery 
of the column capital and also of a uniform distribution over the section of 
the slab around the periphery of the drop panel, using in each case an 
amount of vertical shear greater by 25 percent than the total vertical shear 
on the section under consideration. 
The values of working stresses should be those recommended for 
diagonal tension and shear in Section 440 
(k) Walls and Openings - Additional slab thickness, girders, or 
beams shall be provided to carry walls and other concentrated loads which 
are in excess of the working capacity of the slab 0 Beams should also be 
provided in case openings in the floor reduce the working strength of the 
slab below the required carrying capacity 0 Where lintels are used with 
flat-slab construction the depth of the lintels being greater than the 
combined depth of the slab and depressed panel, they shall be designed to 
carry a uniformly distributed load equal to 1/8 of the total panel load in 
addition to any other loads superimposed upon the lintel and the dead weight 
of the lintel 0 
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TENTATIVE STANDARD BUILDING REGUlATIONS FOR 
THE USE OF REINFORCED CONCRErE 
(1928 ACI CODE) 
CHAPrER 10 
Flat Slabs 
(Two-Way and Four-Way Systems with Square or Rectangular Panels 
,1001: Limitations~ 
(a) The term flat slabs as used in these regulations refers to 
concrete slabs) having reinforcement bars extending in two or four directions, 
without beams or girders to carry the load to supporting members. 
(b) The moment coefficients, moment distribution, and slab thick~ 
nesses specified herein are for a series of slabs of approximately uniform 
size arranged in three or more rows of panels in each direction, and in rThich 
the ratio of length to ~dth of panel does not exceed 10330 
(c) Slabs with paneled ceiling or with dropped panels shall be con~ 
sidered as coming under the requirements herein gi Yen" provided the dropped 
panel shall have a length or dimaeter in each direction parallel to a side of 
the panel of not less than 0035 of the panel length in that direction, and 
provided further that the depth of the thicker portion of the slab does not 
exceed one and one-half times the depth of the remainder of the slab 0 
(d) For structures having a width of less than three rows of 
panels, or in which irregular panels are used) an analysis shall be made of 
the moments developed in both slabs and columns 0 When so required j computa~ 
tions shall be submitted to the commissioner of buildings for approval 0 
l002~ Panel Strips and Principal Design Sections~ 
(a) For convenience of reference, a flat slab panel sball be con~ 
sidered as consisti,ng of strips as follows ~ 
J 
Where the column extends through the story above, the resisting I 
moment shall be divided between the uPJ?er and the lower columns in proportion ....J 
to their stiffness. Calculated combined stresses due to bending and direct 
load shall not exceed by more than 50 percent the stresses allowed for direct 
load. 
" in the col~ strip may be greater or less than the values given in the table 
of moments by not more than Oo03M) provided that the sum of the moments on 
, 0 
the principal section remains equal to M) and provided further that the 
o 
moment in each of the thJ::ee other critical design sections be modified by not 
more than OoOlM . 
o 
MOMENTS TO BE USED IN DESIGN OF FIAT SLABS 
For Interior Panels Fully Continuous 
General caseg all values of c~ M given by formula (19) 
o 
Strip 
-~'l Flat. Slabs: Wi thout Dropped 
Panels 
Negative 
Flat Slabs with Dropped 
Panels 
Positive 
Slabs with 2-Way Reinforcement 
Column Strip.o ... ooooo 
-M = Oo46M +M = 0.22M -M = Oo50M +M = o ,,20M c 0 c 0 c 0 c 0 
Middle Strip .. 0 0 •••• 0 • -M = Oo16M +M = Oo16M -M Oo15M +M = 0.15M m 0 m 0 m 0 m ' a 
Slabs with 4-Way Reinforcement 
Column Strip .....• ~ .. o -M = O.SOM +M' = Oo20M -M Oo54M +M = Oo.19M c ., 0 c 0 c 0 c 0 
Middle Str ip .. 0 •• 0 •••• -M = O.lOM +M - 0.20M -M OoOSM +M = 0.19M m 0 m 0 m 0 m 0 
(c) The width of section at the colmnn head. shall be taken as the 
width of the dropped panel where used or half the width of panel where no 
dropped ~anel is used. 
(d) The band width in the two-way system shall be such as to pro-
vide reirJorcement over the entire one-half panel width. 
(e) The band width for the direct bands in the 4-way system sr~l 
be approximately 4/10 of the panel width at right angles to the direction of 
the band (0 .4!1) and for the diagonal bands approximately 0.4 of the average 
span length. In proportioning the reinforcement in this system, it shall be 
assumed that reinforcement in the direct band resists the entire positive 
A middle strip one-half panel in width symmetrical with respect 
to the panel center line and extending through the panel in 
the direction in which moments are being considered; 
A column strip one-half panel in width occupying the two quarter 
panel areas outside of the middle strip. 
When considering moments in the direction of the width of the panel; 
the panel is similarly divided by strips) the widths of which are each one-half 
the length of the panel. 
(b) The critical sections for moment calculations are referred to as 
principal design sections and are located as follows: 
Sections for Negative MOment. These shall be taken along the 
edges of the panel) on lines joining the column centers, 
and following the circumference of the column capital. 
Sections for Positive Moment. These shall be taken on the 
center line of the panel. 
1003: MOments in Interior Panels - General Case: 
(a) The numerical sum of the positive and negative moments in the 
direction of either side of a rectangular panel shall be not less than that 
given by formula (19) . 
M = 0.09 WI (1 _ 2c)2 
o 31 
where M = sum of posi ti ve and negative bending mo.ment.s at the 
o 
principal design sections, in the direction in which 
the length is given by l. This moment is in foot-
pounds when c and ! are in feet and W is in pounds. 
(b) The moments in the principal design sections shall be those 
given.in the following "table of moments, except tha~ the maximum negative moment 
J 
Band Location 
Direct 0 0 0 0 0 0 0 0 0 0 0 • 0 0 • 0 0 • 0 0 0 0 0 0 0 0 0 0 0 0 0 Center a 0 0 0 0 0 0 0 0 0 0 0 0 0 r" 0 0 0 0 
Diagonal .. 0 0 .. 0 0 0 0 .. 0 0 .. 0 0 0 0 0 .. 0 .. 0 .. 0 0 0 .. 0 0 0 Center .. 0 0 0 .. 0 0 0 0 0 0 0 0 0 0:" 0 " " 
Direct 0 .. 0 " 0 .. 0 0 .. 0 0 0 0 0 0 .. 0 0 " 0 0 0 0 0 0 0 '0 0 0 0 0 At COlUITIIl head. 0 0 0 0 0 0 0 0 0 0 0 
Diagonal 0 0 0 0 0 0 0 0 0 0 .. 0 0 0 .. 0 0 0 " 0 0 0 " 0 0 .. 0 0 0 . At col'UIIlIl head 0 0 0 0 0 0 0 0 0 0 0 
Top band across direct bandoooooooooo Between columnsoooooooooo 
l005~ Thickness of Slabs and Dropped Panels~ 
Amount 
+OoOl2W! 
+0 oOO9W! 
~Oo020W! 
-OoOllWl 
-OoOO5W! 
(a) For slabs.without dropped panels, uSing concrete of 2,000 Ibo 
per sqo ino ultimate strength, the total thickness of the slab t l ., in inches; 
shall be not less than the value given by formula (20) .. 
(20) 
where w' = uniformly d~stributed dead and live~load.?lbo per 
sqo ft 0 
(b) For slabs with dropped panels, using concrete of 2,000 lbo per 
sqo ino ultimate strengthj the total thickness in inches at points beyond the 
dropped panel shall be not less than 
t2 = ° o02! .[w g + 1 (21) 
(c) The dropped panel shall have a thickness not greater than 
lo5t2 nor less than 1025t2o The side or diam.eter of the dropped'panel shall 
not be less than 0035 times the side of the panel in the parallel directiono 
(d) In determining minimum thickness by formulas (20) and (21), 
the value of 1 shall be the panel length center to center of the columns: 
on the long side of the panelo For concrete of 2,000 lbo per sqn ino ulti-
. mate strength, the slab thickness tl or t2 sh8~1 in no case be less than 1,/32 
for floor slabs, and not less than ! /41J for roof slabs 0 
(e) Where concretes of higher ultimate strengths than 2,000 lbo 
per s~o ino are used, the thickness given by formulas (20) and (21) and the 
moment for the column strip and the two diagonal bands resist the entire 
posi ti ve moment for the middle strip. Reinforcement for negative moment for 
the column strip shall include the area of reinforcement for negative moment 
in the diagonal bands multiplied by the cosine of the angle between the dia-
gonal band and the axis of the direct band considered plus the full area of 
the reinforcement for negative moment in the direct bands. The negative 
reinforcement for the middle strip shall be provided independently of the 
diagonal bands. 
1004: Moments in Interior Panels - Special Case, c = 0.225 times 
the average span length: 
(a) For the particular case where c is equal to 0.225 times the 
average span length (the average of the distances center to center of 
columns on the two sides of the panel), formula (19) reduces !o fonmila 
(19a ). 
(b) 
M = 0.065 Wl 
o 
For two-way slab) the values of M may be obtained from 
o 
formula (190.) and the distrlbution taken from the table in Sec. 1003(b) 0 
(19a) 
(c) For the four-way slab with dropped panel, the following table 
of coeffic:eDts may be used in computing the reinforcement required in each 
of the ba.~ds, provided that 1 for the direct bands shall be the center to 
center dist~~ce between columns in the direction in which the band extends, 
and for tbe di agonal bands the average value of 1, for the two direct bands 
of the panel. The moments in the table are those on sections at right 
. angles to the direction of the resp~ctive bands~ 
J 
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-critical moments, but also the moments at intermediate sections. The full 
area of steel required for negative moment at the column head shall be con-
tinued in the same plane close to the upper surface of the slab to the edge 
of the dropped panel,· but in no case less than a distance 0.21 from the center 
line of column. Lapped splices shall not be permitted at or near regions of 
maximum stress except as described in Seco 5050 
1009: Arrangement of Reinforcement. - Two Way System: 
(a) For column strips at least four-tenths of the area of steel 
required at the section for positive moment in the column strip shall be of 
such length and so placed as to reinforce the negative moment section at the 
two adjacent colunm heads 0 These bars, and any other bars for negative rein-
forcement shall extend into the adjacent panel to a point at least 0.05l 
beyond the point of inflection. Not less than one-third of the bars used for 
positive reinforcement in the column strip shall extend into the dropped 
panel at least twenty diameters of the bar, but not less than 12 in. or in 
case no dropped panel is used, shall extend to within 001251 of the center 
line of the columns or the supports. The balance of the bars for positive 
reinforcement in the column strip shall extend at least 00331 on either side 
of the center line ,of panel. 
(b) For the middle strip at least one-half of the bars for positive 
moment shall be bent to and extend over the main bands at both sides of the 
panel to a point at least 00251 beyond the center line of columns. The 
location of the bands shall be such that for a distance 00151 for slabs with 
dropped panels, (or 0.025! for slabs without dropped panels), on each side 
of the center line of columns, the full reinforcement required for negative 
moment will be provided in the top face of the slab. The full reinforcement 
for positive moment in the middle strip shall extend in the bottom face of 
the slab to a point at least 003£ on either side of the panel center lineJ 
limiting thicknesses may be reduced by multiplying by the factor 
which f' is the ultimate strength of the concrete to be used. 
c 
1006: Limiting Percentages of Reinforcement~ 
2,000 in 
f v , 
c 
(a) The ratio of reinforcement for negative moment in the collmUl 
strip shall not exceed the values of p calculated for balanced reinforcement, 
that is, the amount of reinforcement for which both the steel and the concrete 
are stressed to the full amount permitted by Sec. 306 and 307. .Any reinforce-
ment in excess of this amount shall not be included in the calculation. In 
computing the ratio of reinforcement for negative moment in the column strip, 
the width of section shall be taken as in Sec. 1003(c) 0 In the case of ~our-
way design, the steel area shall consist of the area of steel for negative 
moment as defined in 1003(e) 0 
(b) The ratio of flat slab reinforcement in any strip shall not be 
less than 000025. Bars shall not be spaced farther apart than 1 1/2 times 
the slab thickness. 
1007: Point of Inflection: 
(a) In the middle strip the point of inflection for slabs without 
dropped panels shall be assumed at a line 0033l distant from the center of 
the span and for slabs with dropped panels 003l distant from the center of 
the span. 
(b) In the column strip, the point of inflection for slabs wit.hout 
dropped panels shall be at a line 0.33 (1 - c) distant from the center of the 
panel and 0.3 (1 - c) for slabs with dropped panels. 
1008: .Arr~ngement of Reinforcement at Column Heads - Two and Four-
Way Systems: 
(a) In both two- and four-way systems, provision shall be made for 
securing the reinforcement in place so as to resist properly not only the 
J 
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(c) At the wall or discontinuous edge the negative moment in the 
column strip shall be taken as not less than 90 percent and in the middle 
strip not less than 62 1/2 percent of the corresponding moments for a normal 
interior panel as given in the table of Seco 1003(b) 0 
(d) Where there is a beam or a bearing wall at the center line 
of columns in the interior portion of a continuous flat slab) the negative 
moment at the beam or wall line in the middle strip perpendicular to the 
beam or wall shall be taken as 30 percent greater tban the negative moment 
speci~ied in Sec. 1003(b) for a middle stripo The half column strip 
adjacent and parallel to and lying on either side '-of the beam or wall shall 
be designed to resist moments at least one-fourth of those specified in 
Seco l003(b) for a column stripo The beam or wall in such cases shall be 
designed to carry a uniformly distributed load equal to one-fourth of the 
panel load on either side in addition to the loads directly imposed upon 
it. 0 
1012 ~ Panels With Marginal Beams ~ 
( a) In panels having marginal beam on one edge or on each of the 
two adjacent edges) the beam shall be designed to carry at least the load 
superimposed directly upon it, exclusive of the panel load a A marginal 
beam which has a depth greater than 1 1/2 times the minimum slab thickness, 
shall be designed to carry, in addition to the load superimposed directly 
upon it) a uniformly distributed. load equal to at least 1/4 of the total 
live and dead load for which the adjacent panel or panels are designedo 
Slabs supported by marginal beams on opposite edges shall be designed as 
freely supported slabs for the entire load 0 
(b) The half column strip adjacent to and parallel with marginal 
beams, having a depth not greater than 1 1/2 times the minimum slab thick-
ness, shall be designed to resist half the moment specified for a full COlumn. 
strip 0 
and at least 50 percent of it shall extend to points 0.3251 on either side 
of the pa.nel center line for slabs with dropped panels) or 0.35! for slabs 
without Q~opped panels. 
1010: Arrangement of Reinforcement. - Four-Way System: 
(a) For direct bands) all provisions governing the placing of 
steel in column strips in two-way systems apply as well to the direct bands 
in four~way systems. 
(b) For diagonal bands, at least four-tenths of the area of steel 
required at the section for positive moment shall be of such length and so 
placed as to reinforce the negative moment section at the two diagonally 
opposite column headso These bars and any other bars for negative rein-
forcement. shall extend into the adjoining panel to points at least 00 4l 
beyond a line Q~awn through the column center perpendicular to the direction 
of the band. The straight bars for positive moment in the diagonal bands 
shall not be shorter than the longer straight bars in the direct bands. 
( c) For negative moment in the middle strip., the required steel 
shall extend not less than Oo25! on either side of the column center line. 
lOll: Wall and Other Irregular Panels~ 
(a) In wall panels and other panels in which the slab is non-
continuous on one edge, the maximum positive moments on. the principal design 
sections parallel to the discontinuous edge (reinforcement :perpendicular to 
that edge) shall be increased by 25 percent. 
(b) The positive moment reinforcement perpendicular to the discon-
tinuous edge shall extend to this edge and have an embedment of at least 
6 in. in spandrel beams or columns 0 All negative moment reinforcement shall 
be bent or hooked at spandrel beams or columns to provide adequate bond 
resistance. 
i 
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(c) In wall panels having exterior columns where brackets) (the 
faces of which make an angle with the face of the column) projected upward, 
of not more than 45 deg.) are used in place of capitals, the value of c in 
the direction in which the bracket extends may be taken as twice the dis-
tance from the center of the column to a point where the structural portion 
of the bracket is 1 1/2 in. thick, and averaged with the value of c for an 
interior column capital in the computations for moment in formula (19) . 
The value of c for column strips parallel and adjacent to a non-continu-
ous ~dge of a slab where either no marginal beam is used, or where the beam 
used is not deeper than 1 1/2 times the minimum slab thickness, should be 
taken as equal to the width of the wall column if no bracket is used in 
tills direction. 
(d) The value of c for column strips parallel and adjacent to 
marginal beams having a depth greater than the thickness of the slab at the 
wall columns, shall, if no bracket is used in this direction, be taken as 
equal to the width of the wall column plus twice the difference between the 
depth of the beam and the depth of the slab through the dropped panel. This 
value of c is to be used in calculating the -M and +M for the half column 
c c 
strip parallel and adjacent to the marginal beams only. This half column 
strip should be designed to resist a moment at least one-fourth as great 
as that specified for a column strip in the Table of MOments. 
(e) It shall be permiSSible to omit the dropped panels at wall 
columns provided the design complies with the requirements of Section l003(b) 
and l006(a) for slabs without dr~pped panels. 
1013: Openings in Flat Slabs: 
( a) Openings of any si ze may be .cut through the floor in the area 
common to two intersecting middle strips) provided the total positive and 
negative resisting moments be maintained as required in Sec. 1003(b) and 
J 
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that these total positive and total negative moments be redistributed be-
tween the remaining principal design sections to meet the new conditionso 
(b) In any area common to two column strips) not more than one 
opening shall be allowed and the greatest dimension of such an opening 
shall not exceed 1/20lo 
(c) In any area common to one column strip and one middle s.triPJ 
openings shall not interrupt more than one-quarter of the bars in either 
strip and the e qui valent of the bars so interrupted shall be provided by 
extra steel on both sides of the opening 0 
(d) Any opening larger than described above shall be completely 
framed on all sides with beams to carry the loads to the columns 0 
J 
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BUILDING REGULATIONS FOR REINFORCED CONCRETE (ACI 501-36-T) 
ri' -<;.;. t::HAPTER:·:J..O~)~tAT~ S[,'ABS-$K) -WRLAND F,OUR-WAY,. SYSTEMS 
-', .. WITHBQUARE'OR' RECTANGuLAR PANELS 
1001 - Limitations 
(a) The term flat slabs as used in these regulations refers to concrete 
slabs) without beams or girders to carry the load to supporting members) rein-
l' 
forced with bars exterlding in two or four directions. Slabs with dropped panels 
or paneled ceilings shall be considered as flat slabs provided that they meet 
the requirements herein given for such construction. 
(b) The moment coefficients) moment distribution) and slab thicknesses 
specified herein are for a series of rectangular slabs of approximately uniform 
size arranged in three or more rows of panels in each direction) and in which the 
ratio of length to width of panel does not exceed 1.33. 
(c) For structures having a width of less than three rows of panels) 
or in which irregular panels are used) an analysis shall be made of the moments 
. * developed in both slabs and col.umns. When, so required) computations shall be 
submit~ed to the Commissioner of Buildings for app~oval. 
1002 - Fa~el Strips and Principal Design Sections 
(a) A flat slab panel shall be considered as consisting of strips in 
each t:re:~l~~ as follows: 
A c:j~le strip one-h~lf panel in width) symmetrical about panel center 
line a~: ex~e~~i~g through the panel in the direction in which moments are con-
sidered. 
A col~l strip one-~f panel in width occupying the two-quarter panel 
areas outside of the middle strip. 
* It is not the intention to prohibit flat slab construction for panels longer 
than 1.33 times the width) or for buildings less than three bays wide) provided 
the moment factors are properly adjusted. 
(b) The critical sections for moment calculations are referred to as 
principal design sections and are located as follows: 
Sections for Negative MOment. These shall be taken along the edges of 
the panel) on lines joining the column centers) except that they follow the peri-
meter of the column capital instead of passing through it. 
Sections for Positive MOment. These shall be taken on the center lines 
of the panel. 
(c) In the two-way system it shall be assumed that the various moments 
in the strips are resisted by the bands located within the strips) each band being 
·5 11 ) in width. 
(d) In the four-way system) it shall be assumed that the column strip 
positive moment is resisted by the direct band; that the column strip negative 
moment is resisted by the direct band plus the two diagonal bands multiplied by 
the cosine of the angle between the direct band and the diagonal bands; that the 
middle strip positive moment is resisted by the two diagonal bands multiplied by 
the cosine of the angle between the axis of the middle strip and the diagonal 
bands; and that the middle strip negative moment is resisted by an independent 
top band across the middle of the direct band. The width of 'direct and middle 
strip negative bands shall be approximately .4 11 ) the width of the diagonal bands 
shall be approximately .4 of the average span length or 
(e) The width of the column head section for compression shall be taken 
as the width of the dropped panel (bl )) or half the width of the panel (.5 11 J 
where'no dropped panel is used. 
1003 - Slab Thickness and Dropped Panel Sizes 
(a) In Table 1 are given the thicknesses) dimensions and moments 
governing flat slab design when ft equals 2)000 lb., per sq. in. The general. form-
c 
ulas are given under the heading nGeneral Case n ; the formulas for the case where 
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the diameter of the column capital (c) 
"Sp.ecial Casen for (c) = 0.225 £. 
0.225 1 are given under the heading 
Where f' is greater than 2)000 lb. per sq. in.) the required and 
c 
minimum slab thicknesses given in Table 1 may be reduced by multiplying the 
factor 
3 J 2000 
f' 
c 
in which fl is the ultimate 28-day compressive strength of the concrete to be 
c 
used. 
1004 - Column Capital Siies 
(a) The average (c) for the columns at the four corners of a panel shall 
be used in obtaining the slab thickness) the numerical sum of the total positive 
and negative moments (M ) in either direction and the middle strip positive and 
o 
negative moments in either direction. 
(b) The average (c) for two adjacent columns shall be used in obtaining 
the positive and negative moments in the column strip between these adjacent 
columns. 
1005 - Panels with Marginal Beams or Reinforced Bearing Walls 
(a) Moments to be used in the design of panels with marginal beams or 
reinforced concrete bearing walls shall be as given in Table 4. 
1006 - Limitations (Applicable to Tables 2) 3 and 4) 
(a) Any of the above moments may be varied by not more than six per 
cent) provided that the total numerical sum of the positive and negative moments 
on the principal design sections is not reduced. 
(b) The ratio of reinforcement considered in any strip shall not exceed 
the value of (p) calculated 'for 'balanced reinforcement by Sec. 305) 306. The 
ratio of reinforcement in any strip shall not be less than .0025. Bars shall not 
TABLE 1 - ,LIMITATIONS FOR SLAB TIITCKNESSES) DROPPED PANELS AND IDMENTS 
I 
Symbol. Unit General Case Special .Case 
For 
c = .2251 
Minimum Floor Slab Thickness t or t Inches . .37$ ~long 1 ) 0.375 (long [j 
:MiniIllllID Roo f Slab Thickness ·t~ _or···t; Inches 0.300 (long 1) , 0.300 (long 1) 
-
-. 
v \ 
Blab Thickness without tl Inches 0.038 (1-1.44 T)lR +1.1/2 (19) 
Dropped Panel 
0.0251 ~ + 1 1/2 (19a) 
Slab Thickness beyond t2 Inches O.02lP+l(20) O.021P+l (CQa) 
Dropped Panel 
Slab Thicknes s through tl Inches (Minimurn=1.25 t2 (Minimum=1.25 t2 
Dropped Panel (Maximum=1·50 t2 (Maximum=1.50 t2 
Maximum 1 to be used in 
thickness formulas 
Minimum side or diameter b1 Feet 0.35.11 0.35
1
1 
of Dropped Panel 
Numerical sum positive 
and negative moments 
in direction of either 
side of interior rec-
(1 _ 2C) 2 ( 2l ) tangular panel M ft.lb. 0.09 Wl 0.065 wi. 
0 31 (2la) 
J 
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TABLE 2-MOMENTS TO BE USED IN DESIGN OF .AN INTERIOR PANEL OF FLAT SLAB 
General Special Case 
Symbol Units Case c = .2251 
TWO - WAY SYSTEM WITH DROPPED P MEL 
Column Strip) Negative Moment -M ft.lb. O·50M O.0325W! 
c 0 
Column Strip) Positive Moment +M ft.lb. O.20M· O.0130W! 
c 0 
Middle Strip) Negative Moment -M ft.lb. O.15M O.OO975Wl 
m 0 
Middle Strip) Positive Moment +M ft.lb. O.15M O.OO975Wl 
m 0 
TWO-WAY SYSTEM WITHOUT DROPPED 
PANEL 
Column Strip) Negative Moment 
-M ft.lb. o.46M O.030Wl 
c 0 
Column Strip) Positive l-bment +M ft.lb. O.22M o.o142W£ 
c 0 
Middle Strip) Negative Moment 
-M ft.lb. o.16M o.olO4W! 
ill 0 
Middle Strip) Positive Moment +M ft.lb. o.16M o.olo4wl 
ill 0 
FOUR-WAY SYSTEM WITH DROPPED 
PANELS (MJMENTS BY STRIPS) 
Column Strip) Negative Moment -M ft.lb. O·54M O.0351W£ 
c 0 
Column Strip) Positive Moment +M ft.lb. O.19M O.0124W£ 
c 0 
MiddJ..e Strip) Negative MJment 
-M ft.lb. O.08M O.OO52W£ 
m 0 
Middle Strip) Positive MJment +M ft.lb. O.19M O.0124wl 
ill 0 
(mMENTS BY BANDS) 
Direct Band) Negative MJment 
-M ft.lb. O·307M O.0200Wl 
0 
Direct Band) Positive MJment +M ft.lb. O.19M O.0124w£ 
0 
Diagonal Band) Negative Moment -M ft.lb. o.168M O.OlO9W£ 
0 
Diagonal Band) Positive Moment +M ft.lb. O.134M 
0 
o.oo87Wl 
Cross Band) Negative Moment 
-M ft.lb. O.08M O.OO52W.f 
0 
FOUR-WAY SYSTEM WITHOUT· DROPPED 
PANELS (MOMENTS BY STRIPS) 
Column Strip) Negative M:Jment 
-M ft.lb. O·50M O.0325Wl 
0 
Column Strip) Positive M:Jment +M ft.lb. O.20M O.0130Wl 
0 
Middle Strip) Negative M:Jment -M ft.lb. O.lOM 
0 
o.oo65W£ 
Middle Strip) Positive MJment +M ft.lb. O.20M O.0130W1. 
0 
(M)MENTS BY BANDS) 
Direct Band) Negative MJment 
-M ft.lb. O·30M O.0195W.f 
0 
Direct Band) Positive MJment I+M I ft.lb. O.20M I O.0130W£ 0 Diagonal Band) Negative Moment 
-M ft.lb. a.141M O.OO92Wl 
0 
Diagonal Band) Positive Moment +M ft.lb. o.141M O.OO92W.f 
0 
Cross Band) Negative M:Jment -M ft.lb. O.lOM o.oo65W.f . 
0 
TABLE 3-IDMENTS TO BE USED IN DESIGN OF AN EXTERIOR PANEL OF FLAT SLAB 
M:>ments in the strips perpendicular to the discontinuous edge where they 
from an interior panel are given in the following table. Negative moments in the 
column strip and middle strip on the line of the first interior columns are the 
sarile as for an interior panel. Moments in the strips parallel to the dis-
continuous edge are the same as for an interior panel. 
TWO-WAY SYSTEM WITH DROPPED 
PANEL 
Column Strip Negative Moment 
at discontinuous edge 
Column Strip Positive Moment 
Middle Strip Negative Moment 
at discontinuous edge 
Middle Strip Positive Moment 
TWO-WAY SYSTEM WITHOUT 
DROPPED PANEL 
Column Strip Negative Moment 
at discontinuous edge 
Column Strip Positive Moment 
Middle Strip Negative lvbment 
at discontinuous 
Middle Strip Positive Mpment 
FOUR-WAY SYSTEM WITH DROPPED 
PANELS (MOMENTS BY STRIPS) 
Column Strip Negative lvbment 
at discontinuous edge 
Column Strip Positive Moment 
Middle Strip Negative Moment 
at discontinuous edge 
~ddle ~p Positive ~Bt 
(MJMENTS BY BANDS) (FOR SQUARE 
PANEL) 
Direct Band at Column Head 
at discontinuous edge 
Direct Band at Center 
Di agonal Bands at Column 
Head at discontinuous edge 
Diagonal Bands at Center 
Top Band(across Middle .of 
Direct) at discontinuous edge 
Symbol Units 
-M ft.lb. 
+W ft.lb. 
c 
-M ft.lb. 
+1f1 ft.lb. 
m 
-M ft.lb. 
+Mc ft.lb. 
c 
-M ft.lb. 
+t.f1 ft.lb. 
m 
-M ft.lb. 
+M ft.lb. 
-M ft.lb. 
+M ft-lb •. _ 
.•. - .. 
-M ft.lb. 
+M ft.lb. 
-M ft.lb. 
+M ft.lb. 
-M ft.lb. 
General 
Case 
o.45M 
O.25W 
0 
o "lOM 
0.19Mo 
0 
O.41M 
o.28~ 
0 
O.lOM 
0.20~ 
0 
0.485M 
o.24M 0 
0 
O.05M 
0.24W 
0 
0.28M 
0 
0.24M 
0 
0.15M 
o .1rMo 
0 
0.05M 
0 
Special Case 
c = .2251 
o . o 29W.1 
o.o16wl 
o .o065Wl 
o .012W.1 
o .02rW-l 
o .o18wl 
o .OOrW.!. 
o .013W.l 
o .03l5W 1 
o .0156wl 
0.OO32Wl 
0.01S6wl 
o .0181Wl 
o .0156w1 
o .010W!. 
o .011W 1 
o .003W i 
J 
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TABLE 3 1vDMENTS TO BE USED IN DESIGN OF AN EXTERIOR PANEL OF FLAT SLAB 
(Continued) 
General Special Case 
~ymbol Units Case c = .2251 
FOUR-WAY. SYSTEM WITHOUT 
DROPPED PANELS (MOMENTS 
BY STRIPS) 
Column Strip Negative 
Moment at discontinuous 
edge -M ft.lb. o.45M 
0 
o .029W£ 
Column Strip Positive +M ft.1b. O.25M o.o163Wl 
0 
Middle Strip Negative fument 
at discontinuous edge -M ft.lb. O.062M O.OO4Wl 
Middle Strip Positive fument +M ft.1b. O.25M 0 o.o16wl 
0 
iM:>MENTS BY BANDS) (FOR 
SQUARE PANEL) 
Direct Band at Column Head -M ft.1b. O.27M O.017W£ 
at discontinuous edge 0 
Direct Band at Center +M ft.1b. O.25M o.o16w£ 
0 
Diagonal Bands at Column 
Head at discontinuous edge -M ft.1b. O.13M o.oo84w£ 
0 
Diagonal Bands at Center +M ft.lb. o.18M O.Ol17Wl 
0 
Top Band (Across Middle of 
Direct) at discontinuous edge -M ft.1b. O.06M o.oo4w£ 
0 
be spaced further apart than 1. 1/2 times the slab thickness for the fill.l width 
of the bands. 
(c) MOments for the four way system are shown in the above table by 
strips) and for convenience) also by bands. 
(d) Slabs supported by marginal beams on opposite edges shall be de-
signed as solid one or two-way slabs to carry the entire panel load. 
1007 - Length of Bars and Points of Bend 
The positive moment reinforcement perpendicular to the discontinuous 
edge shall extend to this edge and have an embedment of at least 6 inches in 
spandrel beams or columns. All negative moment reinforcement shall be bent 
or hooked at spandrel beams or columns to provide adequate bond resistance. 
Length of bars and points of bend shall be as given in Table 5. 
1008 - Arrangement of Reinforcement 
(a) The slab reinforcement shall be accurately placed so as to re-
sist not only the moments· at the critical sections) but al.so the moments at 
intermediate sections) and shall be secured and supported by concrete or metal 
chairs and spacers. 
1009 - Brackets 
(a) Brackets extending the ful1. width of the column may be sub-
stituted for column capitals at exterl'or 1 co umns) provided the sloping face of 
the bracket makes an angle not more than forty-five degrees with the face of 
the column) projected upward. 
(b) The value of (c) where brackets are used is twice the distance 
from the center of the column to a point where the bracket is 1 1/2 inches 
thick. 
1010 - Columns Without Capitals or Brackets 
(a) Brackets and column capitals may be omitted altogether) provided 
the slab thickness is ffil.ff.icl· ent to ~ully . t I resls . the moments and shears at the 
column head section. 
J 
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(b) The value of (c) where brackets and column capitals are omitted 
is the width of the column in the direction in which moments are considered) 
except that) when a beam of greater depth than the thickness of the slab or 
dropped panel extends into the column in the direction in which moments are 
considered) the value of (c) may be taken as the width of the column plus 
ttrl.ce the projection of the beam below the slab Or dropped panel. 
1011 - Operrings -in Flat Slabs 
(a) Openings of any size may be cut through the floor in the area 
common to two intersecting middle strips) provided the total positive and 
negative resisting moments be maintained as required in Section 1004 and that 
these total positive and total negative moments be redistributed between the 
remaining prinCipal deSign sections to meet the new conditions. 
(b) In any area common to two column strips) not more than one 
opening shall be allowed and the greatest dimension of such an opening shall not 
exceed .051. 
(c) In any area common to one column strip and one middle strip) 
openings shall not interrupt more than one-quarter of the bars in either strip 
and the equivalent of the bars so interrupted shall be provided by extral steel 
on both sides of the opening. 
(d) Any opening larger than described above shall be completely framed 
on all sides with beams to carry the loads to the columns. 
1012 - Shearing Stresses in Flat Slabs. See Section 807 
(a) Load to be carried 
by Marginal BeaID 
or Wall. 
(b) MOment to be used 
in the design of 
Half Column Strip 
adjacent and 
parallel to Mar-
ginal Beam or \{alla 
(c) Negative Moment 
to be used 'in 
Design of 
Middle Strip 
Continuous over 
Beam or Wall. 
TABLE 4-MJMENTS TO BE USED IN DESIGN OF PANELS WITH MARGINAL 
BEAMS OR REINFORCED BEARING 'WALLS 
Marginal Beams with Depth greater 
than 1 1/2 times the Slab Thick,.. 
ness j or -r-einforced -Bearing Wall. 
Marginal Beam with depth 1 1/2 times 
the Slab Thickness or less. 
walls directly superimposed upon I Loads directly superimposed upon it 
it plus a uniform load equal to exclusi ve of any panel load. 
one-quarter of the total live 
and dead panel load. 
Two-Way Four-Way Two-Way Four-Way 
System System System System 
With With 
With Without With Without With out With out 
Drop 
Neg., .125M 
0 
Pos.1 .05 M 
0 
Neg.' .195M 
o 
I 
Drop 
.115M 
o. 
.055M 
0 
. 208M 
o 
Drop 
.135M 
0 
.0475M 
0 
.104M 
o 
Drop Drop Drop Drop Drop 
.125M Neg. \ . 25M .23M . 27M .25M 
0 o 0 0 0 
.05M Pos. il·10M
o 
I .11M
o 
I .095M
o 
I .1OM
o . 0 
.13Mo INeg . 1·15Mo I .16Mo ,.08Mo .10M o 
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TABLE 5 - LENGTH OF BARS AND POINTS OF BEND 
TWO-WAY F1..AT S1..Al,1 
(COLUMN STHU') 
Length of !jtI!l.i~·:,t 'llL, \,!, • 1". 
than . 4 0 f t u t fl.l b (1.:':' i ~; t f> (: 1 ) 
Length of bent bB.r~·, (nut le,;,', 
than .4 total ban,l steel) 
Length of addi tional straight 
bars over column head (if re-
Cluired) 
Point of top bend in bent bars 
(from column center) 
MIDDLE STRIP 
Length of straight bars (not 
more than .5 total band steel) 
Length of bent bars (not less 
than .5 total band steel) 
Point of top bend in bent bars 
(from column centers) 
FOUR-WAY FLAT SLAB COLUMN STRIP 
Length of straight bars (not less 
than .4 total band steel) 
Length of bent bars (not less 
than .4 total band steel) 
Length of additional straight 
bars over column head (if re~ 
quired) 
Point of bend for bent bars 
(from column centers) 
With Drop 
Cencral Case c .2251 
I-b + (2' or 40J.) .651 + (2' or 40d) 
1 . 5 1 + . 6c :~, 
.5Jl + .6c 
. 25~! 
.65j 
.;{ .. 
1. 5~1 
.1751 
1. 63 5~1 
.6351 
.251 
. 65~£ 
1·51 
.175Jl 
.~ 
* 
t-b + (2' or 40d) 1.65.1 + (2' or 40d) 
1 . 5 i + _ .6c .;:. 1.635.1 
.5:£ + .6c .635.1 
.2£ .21 
Wi thout Drop 
General Case c .2251 
·75·1 ·751 
1.441 + .66c 7(. 1·59:1 ~\-
.44:1 + .66c 
·591 
.251 .251 
.71t ·71 
1·51 
-~ 
1·51 
-1" 
.15·1 .15~1 
·751. ·75·l 
1.441 + .66c * 1·591 
.;t 
.551 + .66c . 59~1 
.21 .21 
TABLE 5 - LENGTH OF BARS AND POINTS OF BEND (Continued) 
With Drop Without Drop 
General Case c .2251 General Case c = .2251 
DIAGONAL BAND 
Length of bent bars (not less 
* 
-K-
* 
-:(-
than .4 total band steel area) 2.211 . ~ 2.211 2.21:1 2.21t 
Point of bend for bent bars 
(from column centers) ·331 ·33-1 .33-1 ·3.31 
Length of additional straight 
bars over column head (if re-
quired) .8:1 .8~ .8_L. .8! 
Top band across middle of 
direct band (length of straight 
bars) ·51 ·5J ·5: 1 ·5:1 
Lengt-h of' -straig-ht- -bar-s- ·(-not -
more thari .6_ .. total._band steel ~ 
area) I-b + (2 l or 40d) .651 + (2) or 40d) ·751 ·'T5i 
l L __ ~ t_ 
BUILDING REGULATIONS FOR REINFORCED 
CONCRETE 
,(ACI 318-41) 
CHAPTER lO-FLAT SLABS-WITH SQUARE OR 
RECTANGULAR PANELS 
lOOO-Notation 
A = The distance from the center line of the column) in the directi.on 
of any span) to the intersection of a 4,5-degree diagonal l.i.ne from 
the center of the column to the bottom of the flat slab or drop panel) 
where such line lies wholly within the column) capital) or bracket) pro-
vided such capital or bracket is structurally capable of resisting shears 
'and moments without.excessive unit stress. In no case shall A be greater 
than one-eighth the span in 'the direction considered. 
A Average of the two values of A for the two columns at the ends of a 
av 
column strip) in the direction of the spans considered. 
c Diameter or width of column capital at the under s.ide of the slab or 
drop panel. No portion of the column capital shall be considered for 
structural purposes which lies outsi,de the largest right circular cone) 
with 90 degrees vertex angle) that can be included within the outlines 
of the column capital. 
L Span length of slab center to center of columns i,n the direc.ti.on of which 
bending is considered. 
M Sum of the positive and the average negative bending moments at the crit-
o 
ical design sections of a flat slab panel. See Section l003(b). 
W Total dead and live load uniformly distributed over a single panel area. 
W The average of the total load on two adjacent panels. 
av 
x Coefficient of spanL which gives the distance from the center of column 
to the critical section for negative bending in design according to Sec-
tion" lQ02(a) 0, 
1001 - 'Scope 
(a) The term flat slab shall mean a reinforced concrete slab supported by 
columns with or without flaring heads or column capitals) with or without de-
pressed or drop panels and generally without beams or girders. 
(b) Recesses or pockets in flat slab ceilings) located between rein-
forcing bars and forming cellular or two-way ribbed ceilings) whether left open 
or filled with permanent fillers) shall not prevent a slab from being considered 
a flat slab; but allowable unit stresses ~hall not be exceeded. 
(c) This chapter provides for two methods of design of flat slab structures. 
1. Any type of flat slab construction may be designed by application 
of the principles of continuity) using the method .outlined in Section 1002) or 
using other recognized methods of elastic analysis. In either case) the design 
must be subject to the provisions of Sections 1005(a) and (c)) 1006) 1008 and 1009. 
2. The common cases of flat slab construction described in Section 1003 
may be designed by the use of moment coefficients) given in Sections 1003 and 1004) 
and subject to ~he ;::rovisions of Sections 1005) 1006) 1007) 1008 and 1009. 
1002 - Design c:- F".~a: Slabs as Continuous Frames 
(a) Ex-:e;::. ::. ::1e -:ases of flat slab construction where specified coefficients 
for bending ffiU:; ~'('., ~-:::. as provided in Section 1003) bending and shear in flat 
slabs and thCl:- "'~t;' :-:s shall be determined by an analysis of the stTucture as a 
continuous fra.'Lc. f~:': a:...:.. sections shall be proportioned to resist the moments and 
shears thus obta..:.;.'.":'. In the analysis) the following .. assumptions may be made~ 
1. T:-.c:: ., ':-,1: ture may be considered divided into a nwnber of bents) each 
conSisting of a rc,'·; c::- columns and strips of supported slabs) each strip bounded 
laterally by the center of the panel on either side of the row of columns. The 
bents shall be taken longitudinally and transversely of the building. 
2. Each such bent may be analyzed in its entirety; or each floor there-
of and the roof may be analyzed separately with its adjacent columns above andbelo~ 
J 
! j 
I 
..J 
the columns bei.ng assumed fixed at their remote ends. Where slabs are thus 
analyzed separately) in bents more than four panels long) it may be assumed in 
determining the bending at a given support that the slab i.s fixed at any support 
two panels distant therefrom beyond which the slab conti.nues. 
3. The joints between columns and slabs may be considered rigid and 
this rigidity may be assumed to extend in the slabs a di.stance A from the center 
of the colwnns) and in the column to the intersection of the Ciides of the column 
and the 45 degree line defining A. The change in length of columns and slabs due 
to direct stress) and deflections due to shear) may be neglected. Where metal 
column capi tals are used) account may be taken of their contributions to stiffness 
and resistance to bending and shear. 
4. The supporting columns may be assumed free from settlement or lateral 
movement unless the amount thereof can be reasonably determined. 
). The moment of inertia of slab or column at any cross-section may be 
assumed to be that of the gross section of the concrete. Variation i.n the moments 
of inertia of the slabs and colwnns along their axes shall be taken into account. 
t. Where the load to be supported is definitely known, the structure 
shall be a:-.al~;zed. for that load. Where the live load is variabl.e but does not 
exceed tt'Jee- q'-la:ters of the dead load) or the nature of the li.ve load i.s such 
that all pa:lel~ '\O;ia be loaded simul.taneousl.y., the maximum bendi.ng. may be assumed 
to obtai:: a: a.::..~ sections under ful.l live load. El.sewhere) maximum posi.tive 
bending f':ear r:1:ici-span of a panel may be assumed to obtain under full live l.oad in 
the pane::" a:1:i i:-, alternate panel.s; and maximum negative bendi.ng at a support may 
be assurned to obtain under full live load i.n the adjacent panels only. 
1 . Where neither beams nor girders help to transfer the slab load to 
the supporting column) the critical section for negative bending may be assumed 
as not more than the distance xL from the column center) where 
x = 0.013 + o. 57 ~ ............................ (17) 
In slabs supported by beams) girders) or walls) the cl'i tic al sec tion for negative 
bending shall be assumed at the face of such support. 
8. The numerical sum of the maximum posi ti ve and the average maximum 
negative bending moments for which provision is made in the desig~ in the direction 
of either side of a rectangular panel shall be assumed as not less than 
4A 2 
(1 -~) 3L .......................... (18) 
9. The bending at critical sections across the slabs of each bent may 
be apportioned between the column strip and middle strip) as defined in Section 
1005) in the ratio of the specified coefficients which affect such apportionment 
in the special cases of flat slabs provided for in Section 1003. 
10. The maximum bending in columns may be assumed to obtain under full 
live load in alternate panels .. Columns shall be proportioned to resist the max-
imum bending combined with the maximum direct load consistent therewith; and for 
maximum direct load combined .with the bending under full load) the direct load 
subject to allowable reductions) in the manner provided in Chapter 11. In com-
puting moments in columns at any floor) the far ends of the columns may be con-
sidered fixed. 
(b} The foregoing provisions outline the method to be followed in analyzing 
and designing flat slabs in the general case. In all instances the design must 
conform to the requirements for panel strips and critical design sections) slab 
thickness and drop panels) capitals and brackets) arrangement of reinforcement 
and openings in flat slabs) as provided in Sections 1005(a) and (c)) 1006) 1008 
and 1009. 
J 
I 
..J 
1003-Design of Flat Slabs by Moment Coefficients 
(a) In those cases of flat slab construction which fall within the 
following limitations as to continuity and dimensions) the bending moments at 
critical sections may be determined by the use of specified coefficients as 
provided in Section 1004. 
1. The ratio of length to width of panel does not exceed 1.33. 
2. The slab is continuous for at least three panels in each 
direction. 
3. The successive span lengths in each direction differ by not 
more than twenty per cent of the shorter span. 
(b) In such slabs) the numerical sum of the positive and negative 
bending moments in the direction of either side of an interior rectangular 
panel shall be assumed as not less than 
Mo = 0.09 WL (1 - ~~)2 ...... 0.000.00.0 ••••••••• 0 ••• (19) 
(c) Three-fourths of the width of the strip shall be taken as the 
width of the section in computing compression due to bending) except that) 
on a section through a drop panel) three-fourths of the width of the drop 
panel shall be taken. Account shall be taken of any recesses which reduce the 
compressive area. Tension reinforcement di$tributed over the entire strip shall 
be included in the computations. 
(d) The design of slabs .under the procedure given in this section 
is subject to the provisions of all subsequent sections of this chapter 
(Sections 1004 to 1009). 
1004-BenSLing Moment Coefficients 
(a) The bending moments at the critical sections of the middle and 
column strips of an interior panel shall be assumed as given in Table l004(a). 
(b) The bending moments at critical sections of strips} in an ex-
terior panel, at right angles to the discontinuous edge} where the exterior 
supports consist of reinforced concrete columns or reinforced concrete bearing 
walls integral with the slab} the ratio of stiffness of the support to that 
of the slab being at least as great as the ratio of the live load to the dead 
load and not less than one} shall be assumed as given in Table loo4(b). Where 
a flat slab is so supported by a wall providing restraint at the discontinuous 
edge, the coefficient for negative bending at the edge shall be assumed more 
nearly equal in the column and middl.e strips, the sum remaining as given in 
Table loo4(b), but that for the column strip shall not be less than O.30M . 
o 
Bending in middle strips parallel to a discontinuous edge, except in a corner 
panel, shall be assumed the same as in an interior panel. 
mined as provided in Section l003(b) for an interior panel. 
M shall be 'deter-
o 
(c) The bending moments at critical sections of strips, in an ex-
terior panel, at right angles to the discontinuous edge, where the exterior 
supports are masonry bearing walls or other construction which provide only 
negligible restraint to the slab, shall be assumed as given in Table loo4(b) 
with the following modifications. 
1. On critical sections at the face of the exterior support, 
negative bending in each strip shall be assumed as O.05M 0 
o 
2. The coefficients for positive bending shall be increased by 
forty per cent. 
3. The coefficients for negative bending at the first interior 
columns shall be increased thirty per cent. 
(d) The bending moments in panels with marginal beams or walls) in 
the strips parallel and close thereto} and in the beams, shall be determined 
upon the basis of assumptions presented in Table l004(c). 
- ~ 
J 
J 
(e) For design purposes any of the moment coefficients of Tables 
1004(a), 1004(b), and 1004(c) may be varied by not more than six per cent, 
but the numerical sum of the positive and negative moments in a panel shall 
not be taken as less than the amount specified. 
(f) Panels supported by marginal beams on opposite edges shall be 
designed as solid one or two-way slabs to carry the entire panel load. 
(g) The ratio of reinforcement in any strip shall not be less than 
0.0025· 
GENERAL REQUIREMENTS 
1005-Panel~rips and Critical Design Sections 
(a) A flat slab panel shall be considered as consisting of strips 
in each direction as follows: 
A middle strip one half panel in width, symmetrical about 
panel center line and extending through the panel in the direction of the span 
for bending. 
A column strip consisting of the two adjacent quarter-panels 
either side of the column center lines. 
(b) The critical sections for bending are located as follows: 
Sections for negative bending shall be taken along the edges 
of the panel, on column center lines between capitals and around the perimeters 
of column capitals. 
Sections for positive bending shall be taken at mid-span of 
the strips. 
(c) Only the reinforcement which crosses a critical section within 
a strip may be considered effective to resist bending in the strip at that 
section. Reinforcement which crosses such section at an angle with the 
center-line of the strip shall be assumed to contribute to the resistance of 
bending only its effective area in the direction of the strip) as defined in 
Chapter 1. 
1006-S1ab Thickness and Drop Panels 
(a) The thickness of a flat slab and the size and thickness of the 
drop panel, where used, shall be such that the compressive stress due to bending 
at the critical sections of any strip and the shear about the column capital 
and the drop panel shall not exceed the unit stresses a.llowed in concrete of the 
qua.lity used. 
(b) The shearing stresses in the slab outside the capital or drop 
panel shall be computed as provided in Section 8070 
(c) Slab thickness shall no~ however, be less than 
L 40 with drop panels 
or 
L 36 without drop panels 
(d) The thickness of the drop panel below the slab shall. not be more 
than one-fourth the distance from the edge of the column capital to the edge of 
the drop panel 0 
1007 -Capi tals and Brackets 
(a) Where a column is without a flaring concrete capital the dis-
tance c shall be taken as the diameter of the column. Structural metal 
embedded in the slab or drop panel may be regarded as contributing to resistance 
in bending and shear 0 
(b) Where a reinforced concrete beam frames into a column without 
capital or bracket on the same side with the beam, the value of c may be taken as 
the width of the column plus twice the projection of the beam above or below 
· i 
I 
....J 
the slab or drop panel for computing bending in strips parallel to the beam. 
(c) Brackets capable of transmitting the negative bending and the 
shear in the column strips to the columns without excessive unit stress may 
be substituted for column capitals at exterior columns. The value of c where 
brackets are used shall be taken as twice the distance from the center of the 
column to a point where the bracket is 1 1/2 inches thick) but not more than 
the thickness of the column plus twice the depth of the bracketo 
(d) The average of the diameters c of the column capitals at the 
four corners of a panel shall be used in determining the bending in the middle 
strips of the panel. The average of the diameters c of the two column capitals 
at the ends of a column strip shall be used in determining bending in the strip. 
1008-Arrangement of Reinforcement 
~- .. , ," .-- -..... -- .. -..-.~--
(a) Slab reinforcement shall be provided to resist the bending and 
bond stresses not only at critical sections) but also at intermediate sections 0 
(b) Bars shall be spaced evenly across strips or bands and the 
spacing shall not exceed three times the slab thickness. 
(c) In exterior panels the reinforcement perpendicular to the dis-
continuous edge for positive bending, shall extend to the edge and have embedment 
of at least six inches in spandrel beams) walls or columns. All such reinforce-
ment for negative bending shall be bent) hooked or otherwise anchored in 
spandrel beams) walls or columns. 
1009-0penings in Flat Slabs 
Openings of any size may be cut through a flat slab if provision is 
made for the total posi ti ve and negative resi sting moments) as required in 
Sections 1002 or 1003) without exceeding the allowable stresses as given in 
Sections 305 and 306. 
I 
I 
...J 
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BUILDING CODE REQUIREMENTS fuR EEIHFORCED SO~T':;P.ES::E (ACI .3l.8-56) 
CHAPTER lO-FLAT SLABS WITH SQUARE OR R.ECTANGULAR PANELS 
1000 - Notation 
A = distance in the direction of span from center of support to the inter-
section of the centerline of the slab thickness with the extreme 4.5-deg 
diagonal line lying wholly wi thin the concrete sect.ion of slab and 
column or other support) including drop panel) cB:pital and bracket 
b width of section 
c effective support size [see Section 1004 (c)J 
d depth from compression face of beam or slab to centroid of tensi.le 
reinforcement 
f~ compressive strength of concrete at age of 28 days unJ.ess otherwise 
c 
specified 
H star,]" height in feet of the column or su.pport of a flat slab center to 
rente:- of slabs 
j = rat";':, cf distance between centrol.ds of compression and tension to 
L .;r..:. ~~:-~gth of a flat slab panel center to center of supports 
1-1 :.,::.·:-.~.::a: sum of assumed positive and average negative moments at the 
G 
:::- ~ . _. ~~ .:es ign sections of a fl.at. slab panel [See Section lo04(f) 1 J 
+.: ~ -:: :~:.': ... ::;f slab in inches at center of panel 
:. .~:.~ c.· .. ...;;:; ~!"'. inches of slabs wi thou.t drop panels) or through drop 
; a:." _. r a.:-.y 
t2 :::':":r:':-.":':::::: i.~ inches of slabs with drop panels at points beyond the 
drop pEL'1el 
v shearing unit stress 
V total shear 
w uniformly distributed unit dead and live load 
W total dead and live load on panel 
WD total dead load on panel 
WL = total live load on panel) uniformly distributed 
1001-Definitions and Scope 
Ca) Flat slab - A concrete slab reinforced in two or more directions) 
generally without beams or girders to transfer the loads to supporting members. 
Slabs with recesses or pockets made by permanent or removable fillers between 
reinforcing bars may be considered flat slabs. Slabs with paneled ceilings may 
be considered as flat slabs provided the panel of reduced thickness lies entirely 
within the area of intersecting middle strips) and is at least two-thirds the 
thickness of the remainder of the slab) exclusive of the drop panel) and is not 
less than 4 in. thick. 
(b) Column capital - An enlargement of the end of a column designed and built 
to act as an integral unit with the column and flat slab. No portion of the 
column capital shall be considered for structural purposes which lies outside of 
the largest right circular cone with 90-deg vertex angle that can be included with-
in the outlines of the column capital. Where no capital is used) the face of the 
column shall be considered as the edge of the capital. 
(c) Drop panel - The structural portion of a flat slab which is thickened 
throughout an area surrounding the column) column capital) or bracket. 
(d) Panel strips - A flat slab shall be considered as consisting of strips in 
each direction as follows: 
A middle strip one-half panel in width, symmetrical.about panel centerline. 
A column strip consisting of the two adjacent quarter-panels either side 
of the column centerline. 
1002 - Design procedures 
(a) Methods of aaaly.~is - All flat slab structures shall be designed in accord-
ance with a recognized elastic analysis subject to the limitations of Sections 1002 
and 100)) except that the empirical method of design given in Section 1004 may 
be used for the design of flat slabs conforming with the limitations given there-
in. Flat slabs within the limitations of Section 1004) when designed by elastic 
analysis) may have resulting analytical moments reduced in such proportion that 
the numerical sum of the positive and average negative bending moments used in 
design procedure need not exceed M as specified under Section 1004 (f). 
o 
(b) Critical sections - The slab shall be proportioned for the bending 
moments prevailing at every section except that the slab need not be proportioned 
for a greater negative moment than that prevailing at a distance A from the support 
centerline. 
(c) Size and thickness of slabs and drop panels 
1. Subject to limitations of Section 1002(c))) the thickness of a flat 
slab and the size and thickness of the drop panel) where used) shall be such 
that the compressive stress due to bending at any section) and the shear about 
the column) column capital) and drop panel shall not exceed the unit stresses 
allowed in concrete of the quality used. -When designed under Section 1004) three-
fourths of the width of the strip shall be used as the width of the section in 
computing compression due to bending) except that on a section through a drop 
panel) three-fourths of the width of the drop panel shall be used. Account shall 
be taken of any recesses which reduce the compressive area. 
2. The shearing unit stress on vertical sections which follow a peri-
phery) b) at distance) d) beyond the edges of the column or column capital and 
parallel or concentric with it) shall not exceed the fOllowing values for the 
concrete when computed by the formula. 
v 
V 
bjd 
a. 0.0) ,f' but not more than 100 psi when at least 50 percent of the total nega-
c 
tive reinforoement required for bending in the column strip passes through 
the periphery. 
b. 0.025 ff but not more than 85 psi when 25 percent) which is the least value 
c 
permitted) of the total negative reinforcement re<luired for bending in the 
column strip passes through the periphery. 
c. Proportionate values of the shearing unit stress for intermediate percentages 
of reinforcement. 
3. Where drop panels are used) the shearing unit stress on vertical 
sections which lie at a distance) d) beyond the edges of the drop pane1 1 a.ndpar·allel' 
with them) shall not exceed 0.03 f' nor 100 psi. At least 50 percent of the total 
c 
negative reinforcement re<luired for bending in the column strip sh~_l be within the 
width of strip directly above the drop panel. 
4. Slabs with drop panels whose length is at least one-third the parallel 
span lep~th and wr~se projection below the slab is at least one-fourth the slab 
thickness shall be not less than L/40 nor 4 in. in thickness. 
Slabs without drop panels as described above shall be not less than L/36 
nor 5 in. in thicY~ess. 
5. For determining reinforcement) the thickness of the drop panel below 
the slab shall no~ be assumed to be more than one-fourth of the distance from the 
edge of the drop p~~c: ~o the edge of the column capital. 
(d) Arrangmer.:. :- .s:a: reinforcement 
1. 7i-:c ~ t,a:: in.['; of the bars at critical sections shall not exceed two 
times the slat ~:.:":: f':.C.::: .. except .for .those portions of .. the slab area which may be of 
cellular or rit:c'.: :.:..,:::_:~uction. In the slab over the cellular spaces) reinforce-
ment shall be ::-:-.J'; ~ :c:: a..:; re quired by Section 707. 
2. I:: ex:.e:-i:::;.:- pa.TJ.els) except for bottom bars ade<luately anchored. in the 
drop panel) all pas ~ :i ve reinforcement perpendicular to the discontinuous edge 
shall .extend to the edge of the slab and have embedment) straight or hooked) of at 
least 6 in. in spandrel beams) walls) or columns where provided. All negative rein~ 
foycement perpendicular to the discontinuous edge shall be bent) hooked) or other-
wise anchored in spandr.el beams) walls) or columns. 
J 
3. The area of reinforcement shall be determined from the bending 
, 1,.' '. . . 
moments at the critical sections· but shall not he less than 0.0025 bd at any 
section. 
4. Required splices in bars may be made whe:reuer convenient, but pre-
ferably away from points of maximum stress. The length of any such splice shall 
be at least 36 bar diameters. 
(e) Openings in flat slabs - Openings of any size may be provided in flat slabs 
if provision is made for the total positive and negative moments and for shear 
without exceeding the allowable stresses except that when design is based on 
Section 1004) the limitations given therein shall not be exceeded. 
(f) DeSign of columns 
1. All columns supporting flat slabs shall be designed as provided in Chapter 
11 with the additional ~~quirements of this chapter. 
1003 - Design by elastic analysis 
(a) Assumptions - In design by elastic analysis the following assumptions 
may be used and all sections shall be proportioned for the moments and shears thus 
obtained. 
1. The structure may be considered divided into a number of bents, each 
consi5:ir.g of a row of columns or supports and strips of supported slabs, each strip 
bounded lat.erally by the centerline of the panel on either side of the centerline of 
columns or supports. The bents shall be taken longitudinally and transversely of 
the buil ding . 
2. Each such bent may be analyzed in its entiretYj or each floor there-
of and the roof may be analyzed separately with its adjacent columns as they occur 
'\ 
above and belo~, the columns being assumed fixed at their remote ends. Where slabs 
are thus analyzed separately, it may be assumed in determining the bending at a given 
support that the slab is fixed at any support two panels distant therefrom beyond 
which the slab continues. 
3. The joints between columns and slabs may be considered rigid) and 
this rigidity (infinite moment of inertia) may be assumed to extend in the slabs 
from the center of the column to the edge of the capital) and in the column from 
the top of slab to the bottom of the capital. The change in length:. of columns and 
slabs due to direct stress) ~nd deflections due to shear) may be neglected. 
4. Where metal column capitals are used) account may be taken of their 
contributions to stiffness and resistance to bending and shear. 
5. The moment of inertia of the slab or column at any cross section 
may be assumed to be that of the cross section of the concrete. Variation in the 
moments of inertia of the slabs and columns along their axes shall be taken into 
account. 
6. Where the load to be supported is definitely known) the structure 
shall be analyzed for that load. Where the live load is variable but does not 
exceed th7ee-quarters of the dead load) or the nature of the live load is such that 
all panels will be loaded simultaneously) the maximum bending may be assumed to 
occur at all sectrrons under full live load. For other conditions) maximum posi-
ti ve bending near midspan of a panel may be as sumed to occur under full live load 
in the panel and in alternate panels; and maximum negative bending in the slab at 
a support may be assumed to occur under full live load in the adjacent panels only. 
(b) Critical sections - The critical section for negative bending) in both the 
column strip and middle strip) may be assumed as not more than the distance A from 
the center of the column or support and the critical negative moment shall be 
considered as extending over this distance. 
(c) Distribution of panel moments - Bending at critical sections across the 
slabs of each bent may be apportioned between the column strip and middle strip) 
as given in Table 1003(c). For design purposes) any of these percentages may be 
varied by not more than 10 percent of its val~e) but their sum for the full 
p'ariel- width shall- riot' he red~~·e·d. 
I 
-i 
Strip 
Column strip 
Middle strip 
Half colwnn 
strip ad-
jacent and 
parallel 
to marginal 
beam or wall 
TABLE 1003(c)-DISTRIBUTION BETWERN COLUMN STRIPS AND 
MIDDLE STRIPS IN PERCENT OF TOTAL MJMEN~S AT CRITICAL 
SECTIONS OF A PANEL 
Total depth 
of beam 
eClual to 
slab thick-
ness * 
Total depth 
of beam or 
wall equal 
or greater 
than 3 times I 
sl ab t. hick- : 
ness * c 
Moment Section 
Negative 
moment at Positive 
i.nterior moment 
support 
76 60 
24 40 
30 
19 15 
I 
Negative moment at 
exterior support 
Slab sup-
ported on 
columns 
and on 
beams of 
total depth 
eClual to 
the slab 
thi.ckness * 
80 
20 
40 
20 
Slab sup-
ported on 
reinforced 
concrete 
bearing wall 
or columns 
with beams of 
total depth 
eClual or 
greater than 
3 times the 
slab thicknes s 
60 
40 
.30 
15 
* Interpolate for intermediate ratios of beam depth to slab thj.ckness. 
Note~ The total dead and live load reacti.on of a panel adjacent to a marginal beam 
or wall may be divided between the beam or wall and the parallel half column strip 
in proportion to their stiffnesses) but the moment provi.d.ed in the slab shall not be 
less than given in Table 1003(c) . 
Table l004(a)-Bending Moments in Interior Flat Slab Panel 
With drop panel 
Column strip .••..•.. ~ .. 
Middle Strip ......••.•. 
Without drop panel 
Column Strip .......... . 
Middle Strip .......... . 
Negative Moment 
Positive Moment 
Negative Moment 
Positive Moment 
Negative Moment 
Positive Moment 
Negative Moment 
Positive Moment 
O·50M 
O.20Mo 
O.15Mo 
O.15Mo 
: 0 
o.46M 
0.22110 
Oo16Mo 
o.16Mo 
o 
Table 1004(b)-Bending Moments in Exterior Flat Slab Panel 
With drop panel 
Column Strip ..•........ 
Without drop panel 
Column Strip .......... . 
Middle Strip ..........• 
Exterior Negative 
Positive Moment 
Interior Negative 
Exterior Negative 
Positive Moment 
Interior Negative 
Exterior Negative 
Positive Moment 
Interior Negative 
Exterior Negative 
Positive Moment 
Interior Negative 
o.45M 
0.25Mo 
O.55Mo 
O.lOMo 
0.19Mo 
o.16~ 
0.41M 
0.28Mo 
O.50Mo 
O.lOMo 
0.20Mo 
0.176fvi 
o 
o 
Table :004(c)-Bending Moments in Panels with Marginal Beams or Walls 
Marginal Beams with 
Depth greater than 
1 1/2 times the Slab 
Thicknessj or Bear-
ing Wall. 
Marginal Beams with 
Depth 1 1/2 times the 
Slab Thickness or 
less. 
(a) Load to be carried by 
Marginal Beam or Wall 
Loads directly super~ 
imposed upon it plus 
a uniform load equal 
to one-quarter of the 
total live and dead 
panel load. 
Loads directly 
superimposed upon 
it exclusive of any 
panel load. 
With Without With Without 
Drop Drop Drop Drop 
(b) Moment to be used in 
the design of Half Col- Neg. O.125M O.ll5M 
umn Strip adjacent and 0 0 
0.25M O.23M 
0 0 
parallel to Marginal POSe O.05M O.055M 
Beam or Wall 0 0 
O.lOM O.l1M 
0 0 
(c) Negative Moment to be 
used in Design of Middle Neg. O.195M o.208M 
Strip continuous 0 0 across 
O.15M Oo16M 
0 0 
a Beam or Wall 
I 
I 
....J 
1004 - De'sign by empirical method 
(a) General limitations - Flat slab construction may be designed by the em-
pirical provisions of this section when they conform to all of the limitations on 
continuity and dimensions given herein. 
1. The construction shall consist of at least three continuous panels 
in each direction. 
2. The ratio of length to width of panels shall not exceed 1.33. 
3. The grid pattern shall consist of approximately rectangular panels. 
The successive span lengths in each direction shall differ by not more than 20 per-
cent of the longer span. Within these limitations) columns m?y be offset a maxi-
mum of 10 percent of the span) in direction of the offset) from either axis between 
centerlines of successive columns. 
4. The calculated lateral force moments from wind or earth~uake may be 
combined with the critical moments as determined by the empirical method) and the 
lateral force moments shall be distributed between the cmlumn and middle strips in 
the same proportions as specified for the negative moments in the strips for 
structures not exceeding 125 ft high with maximum story height not exceeding 12 ft 
6 in. 
(b) Columns 
1. The minimum dimension of any column shall be 10 in. For columns or 
other supports of a flat slab) the re~uired minimum average moment of inertia) I ) 
c 
of the gross concrete section of the columns above and.below the sLab shall be 
not. less than 1000 in.4 If there is no column above the slab) the I of the column 
c 
below shall be twice that given by the formula with a minimum of 1000 in.4 
I 
c 
........................................ (7) 
where t need not be taken greater than tl or t2 as determined. i.n Section 1004 Cd)) j 
R is the average story height of the col.umns above and below the slab) and WL is 
the greater value of any two adjacent spans under consideration. 
2. Columns supporting flat slabs desj.gned by the empiricaJ. method shall 
be proportioned for the bending moments developed by unequaJ.ly loaded panels) or 
uneven spacing of columns. Such bending moment shall be the maximum val.ue deri.ved 
from 
Ll and L2 being lengths of the adjacent spans (L2 = 0 when considering an exterior 
column) and f is 30 for; exteri.or and 40 for interior columns. 
This moment shall be divided between the columns immed.iately above and below 
the floor of roof line under consideration in direct proportion to their sti.ffness 
and shall be applied without further reduction to the critical sections of the 
columns. 
(c) Determination of "c" (effecti.ve support si.?e) 
1. Where column capi taJ.s are u.sed) the value of c shalJ. be taken as the 
diameter of the cone described i.n Section 1001 (b) measured at the bottom of the 
slab or drop panel. 
2. Where a column is wi thou t a concrete c8:pjta~, the dimension c sh8.l1 
be taken as that of the column in the direc t,i.on cons id.ered. 
3· Brackets capable of transmitting the negative bending and the sbe8.r 
in the column strips to the c.olumns without excessj.ve unit stress may be 8lJb-
stituted for column capitals at exterior columns. ~he value of c for the span 
where a bracket is used shall be taken as twice the dist8Ilce from the center of 
the column to a point where the bracket is I 1/2 i.n. thi.c.k, but 1D.ot more than the 
thickness of the column plus twice the depth of the bracket. 
4. Where a reinforced concrete beam frames into a column without 
capital or bracket on the same side with the beam) for computing bending for 
strips parallel to the beam) the value of c for the span considered may be taken 
as the width ot' the column plus twice the projection of the beam above or below 
the slab or drop panel. 
5. The average of the values of c at the two supports at the ends of a 
column strip shall be used to evaluate the slab thickness tl or t2 as prescribed 
in Section loo4(d). 
(d) Slab thickness 
1. The slab thickness) span L being the longest side of the panel) 
shall be at least: 
L/361for slab without drop panels conforming with Section l004(e)) or 
where a drop panel is omitted at any corner of the panel) but not less 
than 5 in. nor tl as given below. 
L/40 for slabs with drop panels conforming to Section l004(e) at all' sup-
ports) but not less than 4 in. nor t2 as given below. 
2. The total thickness) t l ) in inches) of slabs without drop panels) or 
through the drop panel if any) shall be at leas t 
O.02SL ~l - 32Lc ) r;:-'\ v~;2005 + 1 1/2 * ......................... (8) 
3· The total thickness) t 2 ) in inches) of slabs with drop panels) at 
points beyond the drop panel shall be at least 
t 
2 
o.o24L ( '1 _ 2C) 
, 3L ~J W * . f~12000 + 1 ......................... (9) 
*In the above formulas) tl and t2 are in inches and L and c are in feet. 
4. Where the exterior supports provide only negligible restraint to the slab) 
the values of tl and t2 for the exterior panel shall be increased by at least 
15 percent. 
( e ) D:cop panels 
1. The maximum total thickness at the drop panel used in computing the 
negative steel area for the column strip shall be 1·5 t 2 . 
2. The side or diameter of the drop panel shall be at least 0.33 
times the span in the parallel direction. 
3. The minimum thickness of slabs where drop panels at wall columns 
are omitted shall equal (tl + t 2)/2 provided the value of c used in the com-
putations complies with Section lo04(c). 
(f) Bending moment coefficients 
1. The numerical sum of the positive and negative bending moments in 
the direction of either side of a rectangular panel shall be assumed as not less 
than 
M 
o 
2c 2 
0.09 WLF (1 - 3L) ..................... (lO) 
in which F = 1.15 - c/L but not less than 1. 
2. Unless otherwise provided) the bending moments at the critical 
sections of the column and middle strips shall beat least those given in Table 
1004(f) . 
3. The average of the values of c at the two supports at the ends of a 
column s trip shall be used to evaluate Mo in determining bending in the strip. ~he 
f th al of M ) as determined for the two parallel half column strips .average 0 e v ues 0 
in a panel) shall be used in determining bending in the middle strip. 
I j 
4. Bending in the middle strips parallel to a di.scontinuous edge shall 
be assumed the same as in an interior panel. 
5. For design purposes) any of the moments determined from Table 1004(f) 
may be varied by not more than 10 percent) but the numerical sum of the positive 
and negative moments in a panel shall be not less than the amount specified. 
(g) Length of reinforcement-In addition to the reCluirements of Section l002(d.) 
reinforcement shall have the minimum lengths given in Tables 1004(g)1 and 1004(g)2. 
Where adjacent spans are unequal) the extension of negative reinforcement on each 
side of the column centerline as prescribed in Table 1004(g)1 shall be based on 
the requirements of the longer span. 
(h) Openings in flat slabs 
1. Openings of any size may be provided in a flat slab in the area common 
to two intersecting middle strips provided the total positive and negative steel 
areas require~ in Section l004(f) are maintained. 
2. In :he area common to two column strips) not more than one-eighth of 
the width of c ~r.i.r in any span shall be interrupted by openings. The equivalent 
of all bars i;. :.crr ~t':,ed shall be provided by extra steel on all sides of the 
openings. :~e :~ea:i~; unit stresses given in Section 1002(c)2 shall not be exceeded. 
./ . ~:. a~~': area common to one column strip and one middle strip) openings 
may interr'..:.;·" ,~J'- -;'~:ir~,er of the bars in either strip. The equivalent of the bars 
so interrur :.c..: ":.::...... ~ :~ provided by extra steel on all sides of the opening. 
~. J..:-"y ;: 0.:-.ir~g larger than described above shall be analyzed by accepted 
engineering r=- ~=.::.; .c_ a:'.d shall be completely framed as required to carry the loads 
to the coll..l.rD.r.s. 
J 
I 
..J 
i 
J 
TABLE 1004(f) -l1JMENTS IN FLAT SLAB PANELS IN PERCENTAGES OF M 
. 0 
1 
Side End Exterior Panel Interior Panel 
Strip Column sup- sup- Exteri.or ij Lc. t,'?:J::'7_C::t ! 
head port port Negative Positive Negative Positive 'Negative 
type type JJ.CIERr. t moment moment moment moment 
A 4LJ. 
With B 36 24 56 20 50 
Column d.rop C 6 36 72 Strip 
With- A 40 
out B 32 28 50 22 46 drop 
C 6 )-+0 66 
A 10 
With B 20 20 17"* 15 15* drop 
Middle C 6 26 22* 
Strip 
.A 10 With-
out B 20 20 18* 16 167': 
drop C 6 28 24* 
A 22 
1 B 18 12 28 10 25 
C 3 18 36 
A l.7 
With 
B l.4 9 2l 8 19 drop 2 
c 
.3 14 27 
Half 
A .11 
column 
strip 3 B 9 6 14 5 13 
adja- C 3 9 18 cent 
to A 20 
margi- 1 B 16 l.h 25 11 23 
nal. 
beam C 3 20 33 
or A 15 
wall With-
out 2 B 12 1l. 19 9 18 
drop C 
.3 15 25 
--
---. 
A 10 
·3 B 8 7 13 6 12 
C 3 ~ 10 17 
. Percentage of TYPE OF SUPPORT LISTED IN TABLE 1004 (r) 
panel load to 
be carried by 
marginal beam Side sup- End support 
or wall in port par- Side or end at right 
addi tion to allel to 
loads directly strip 
superimposed 
thereon 
0 1 
20 2 
40 3 
edge condition of slabs of depth t 
Columns with no beams 
Columns with beams of total depth 1 1/4 
Columns with beams of total depth )tor 
more 
Reinforced concrete bearing walls 
integral with Slab 
___ 7'" ,...... ....... _ 
~~ -.... , ~ _..: ..:l ..: ~~ , ..: MaSUu.J. J U.l. uthc.l. wcu..ls .1.,PJ. Ov ..LU-..Lng u.cg-L..L 
gible restraint 
-
angles 
strip 
t 
* Increase negative ffioments 30 percent of tabulated value when middle strip is 
continuous across support of type B or C. No other values need be increased. 
Note: For interme1iate proportions of total beam depth to slab thickness) 
values for loads ani moments may be obtained by interpolation. See also Fig. 
1004 (f) a and b. 
to 
A 
B 
("I 
J 
TABLE 1004 (g)l-MINlMUM LENGTH OF NEGATIVE BEINEORCEMENT 
Strip 
--
Column 
strip 
rein-
forcemen~ 
Mi.ddle 
Strip 
Rein-
forcece:-. +. 
Percentage of 
re qui red rein-
forcing steel 
area to be ex-
tended at least 
as indicated 
Not less 
than 33 percent 
Not less 
than an 
addi ti6nal 34 percent 
Remainder 
Not less 
than 50 percent 
Remainder 
Minimum distance beyond centerline of sup-
port'to end of straight bar or to benu 
point of bent bar* 
Flat slab without 
drop panels 
Bend point 
where bars 
Straight bend down 
and con-
tinue as 
positive 
reinforce-
ment 
0·30L 
0.271: 
'. 
-
0.25L or O.20L 
0.25L 
0.2:5L or 0.15L 
Flat Slabs 
with drop 
~anels 
Bend point 
where bars 
Straight bend down 
and con-
tinue as 
positive 
reinforce-
ment 
0·33L 
0·30L 
0.25L or To edge of 
drop but 
at least 
O.20L 
0.25L 
0.15L 
* At ex >=.::::-.:. ~:- :;...;;:ports where masonry walls or other construe tion provide only 
negligit.:,.,.- :-e::::t:-air.t to the slab) the negative reinforcement need not be carried 
furthe:- :~.a:: G.2):'" beyond the centerline of such .. support. 
Where :1::: be;,: bars are used) the O. 27L bars may be omitted) provided the O. 50L 
bars are at least 50 percent of total required. 
Where ;.C [C';. t tars are used) the O. 30L bars may be omitted provtded the O. 33L bars 
provide at ':"east, 50 percent of the total required. 
Bars may :e s traibht) bent) or any combination of straight and bent bars. All bars 
are to be cO:1sidered straight bars for the end under consideration unless bent at 
that end and continued as positive reinforcement. 
Note: See also Fig. 1004(g). 
Strip 
Colwrm 
Strip 
Rein-
forcement 
Middle 
Strip 
Rein-
forcement 
TABLE 1004(g)2-MINIMUM LENGTH OF POSITIVE REINFORCEMENT 
Percentage of 
required rein-
forcing steel 
area to be ex-
tended at least 
as indicated 
Not less than 
33 percent 
Not less than 
50 percent * 
Remainder * 
50 percent 
50 percent * 
Maximum distance from centerline of support to 
end of straight bar or bend point of bent bar 
Flat slabs without 
drop panels 
Straight 
0.125L 
3 in. 
0.125L 
0.15L 
3 in. 
or 
or 
or 
Bend point 
where bars 
bend up and 
continue as 
negative 
reinforcement 
0.25L 
0.25L 
0.2% 
Flat slabs with 
drop. panels 
Bend point 
where bars 
Straight bend up 
and con-
tinue as 
negative 
rein-
forcement 
11inimum 
embedment 
in drop 
panel of 
16 bar 
diameters 
but at 
least 
10 in. 
11inimum 
embedment 
in drop 
panel of 
16 bar olr 
diameters 
but at 
least 
10 in. 
O.15L 
3 in. or 
0.25L 
0.25L 
* Bars may be straight) bent) or any combination of straight and bent bars. All 
bars are to be considered straight bars for the end under consideration unless bent 
at that end and continued as negative reinforcement. 
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FIG. 1004( f) a - OOMENTS IN FLAT SLAB PANELS IN PERCENTAGES OF MOl WITHOlJr DROPS 
See Table lOO4( t) for notes and claaa1fication of' coIldi tiona of' eM supports 
____ . ____ &,Uld side supports 
* Increase negative IOOments 30 percent when middle strip 1111 contilulOUS acr08s a support of type Bore. 
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BRITISH STANDARD CODE OF PRACTICE 
CP 114 (1957) 
FLAT SLAB CONSTRUCTION 
3230 General. The term flat slab means a reinforced concrete slab with or 
without drops) supported) generally without beams) by columns with or 
without flared column heads (see Fig. 5). A flat slab may be a solid slab 
or may have recesses formed on the soffit so that the soffit comprises a 
series of ribs in two directions. The recesses may be formed by removable 
or permanent filler blocks. 
324. Methods of design. Flat Slabs may be designed; 
(i) as continuous frames using the method described in Clause 332 
or by any other method satisfying the principles of statics 
and continuity) or~ 
(ii) by the empirical method described in Clauses 333 to 338 
which is applicable only to the more common forms of this 
construction described in Clause 333. 
In both methods Clauses 325 to 331 apply. 
325. Division of panels (see Fig. 6). Flat slab panels should be assumed 
to be divided into strips as follows~ 
a. Column strip. The width of the column strip should be taken 
as one-half of the width of the panel) except that) where 
drops are used) it may be taken as the width of the drop. 
b. Middle strip. The width of the middle.strip should be taken 
as one-half the width of the panel" except that) where drops 
are used) and the column strip i.s taken as the width of the 
D 
Critical sections for 
shear immediately 
adjacent to column 
Mid-depth 
of slab' 
D 
D + Thickness 
of slab 
(a) Slab without drop and 
column without column head 
(9) Slab without drop and 
column with column head 
Critical sections for shear 
immediately adjacent to column 
Critical section 
for shear 
Mid-depth 
of slab 
Any concrete in this 
area is to be neglected 
in the calculations 
D 
'D + Thickness 
of drop 
Any concrete in this 
area is to be neglected 
in the calculations 
of drop 
Mid-depth 
of drop 
(c) 'Slab with drop and column with column head 
Fig. 5 Critical Sections for Shearing. Stresses in Flat Slabs 
drop, the width of the middle strip should be taken as the 
difference between the width of the panel and that of the drop. 
3260 Notation for flat slab construction. In the following clauses and 
formulae relating to flat slabs, Ll is the length of the panel in the 
direction of the span, L2 is the width of the panel at right angles (measured 
in each case from the centers of the columns), L is the average of Ll and 
L 2J D is the diameter of the column head (s'ee Fig. 5 and Clause 331) J and 
w is the total load per unit area on the panel. 
3270 Thickness of flat slab 0 The total thickness of the slab should in no 
case be less than the greatest of the following values: 
L 
L/4 
(a) Where drops are not used. 
ine and 
of Max. P 
L 
I I 
r ..L M" us 
Drop I Drop idth 
Widt 
I Half 
Colu:rrm 
Strip I Strip 
Position of Maximum 
Negative Moment --------------~ 
(b) Where drops are used. 
FIG. 6 Division of flat slab panels into, column and middle strips 
I 
~ 
(i) 5 in. 
(ii) L/32 for end panels without drops. 
(iii) L/36 for interior panels) fully continuous) without drops) 
and for end panels with drops. 
(iv) L/40 for interior panels, fully continuous) with drops. 
328. Shearing stresses in flat slabs. The shearing stress in the slab or 
drop calculated at a distance from a column) column head) or drop equal to 
half the overall depth of slab or drop should not exceed the permissible 
values in Clause 303. The critical sections for shear are given in Fig. 5. 
329. Openings in panels. Except for openings complying with paragraphs 
(i), (ii), and (iii) of this clause) openings should be completely framed on 
all sides with beams to carry the loads to the columns) and an opening 
should not encroach upon a column head or drop. 
(i) Openings of a size such that the greatest dimension in a 
direction parallel to a center-line of the panel does not 
exceed 004L may be formed in the area common to two inter~ 
secting middle strips) provided that the total positive 
and negative moments specified in Clause 332e or Clause 
335 are redistributed between the remaining principal 
design sections to meet the changed conditions. 
(ii) Openings of aggregate length or width not exceeding one-
tenth of the width of the column strip may be made in 
the area common to two column strips) provided that the 
reduced sections ·are capable of carrying the appropriate 
moments specified in Clauses 332e or 335. 
(iii) Openings of aggregate length or width not exceeding one-
quarter of the width of the strip may be made in any 
area common to one column strip and one middle strip, 
provided that the reduced sections are capable of 
carrying the appropriate moments specified in Clauses 
332e or 335. 
330. Bending moments in panels with marginal beams or walls 0 Where the 
slab is supported by a marginal beam with a depth greater than 1.5 times 
the thickness of the slab, or by a wall then: 
(i) the total load to be carried by the beam or wall should 
comprise those loads directly on the wall or beam plus a 
uniformly distributed load equal to one-quarter of the 
total load on the slab, and 
(ii) the bending moments on the half-column strip adjacent to 
the beam or wall should be one-quarter of the bending 
moments specified in Clauses 332'e or 335. 
331. Column heads. Where column heads are provided, the heads of 
interior columns and such portions of the heads of exterior columns as 
will lie within the building should satisfy the following requirements: 
(i) The angle of greatest slope of the head should not exceed 
450 from the verticalo 
(ii) The diameter of the column head) D) should be taken as its 
diameter measured at a distance of 1 1/2 in. below the 
underside of the slab or the underside of the drop where 
provided, as shown in Figo 5 (b) and (c). 
(iii) The diameter D should be not more than Oo25L. 
(iv) Where the column and column head are not of circular cross-
section the term diameter used in this clause should be 
deemed to mean the diameter of the largest circle which 
can be drawn within the sectiono 
332. Design of flat slabs as continuous frames. 
a. General. Flat slabs may be designed as continuous frames an 
the assumptions given in Sub-clauses b) c) d) e and f of this clause. 
Clauses 325 to 331 are also applicable to this method of design. 
bo Bending moments and shearing forces 0 The bending moments and 
shearing forces may be determined by an analysis of the structure as a 
continuous frame &~d the following assumptions may be made~ 
(i) the structure may be considered to be divided longitudinally 
and transversely into frames consisting of a row of columns 
a~~ strips of slab with a width equal to the distance between 
~~~ ~enter-lines of the panels on each side of the row of 
- ~~- C" .. 
- ........  . ...:;, 
" ~: i ·~·:-i .. :~ ::-o.:ne may be analysed by Hardy Cross) or other sui table 
, , 't ~ •.. : ,~.' :':S, In 1 s entirety; or each strip of floor and-roof 
::. '1:: t~, al"18.1ysed as a separate frame with the columns above 
r:..:. -: ::":': ~Cy..; assumed fixed at their extremities. The spans 
~ ,-" -.: :.;, the analyses should be the distances between the 
::c:-::~:-s of the supports except where the slab is supported 
by a wall) when the span should be the distance to the face 
of the wall plus one-half the depth of the slab. 
I 
-
c. Stiffness of members. For the purpose of determining the 
relative stiffnesses of the members) the moment of inertia of any section 
of a slab or column may be assumed to be that of the gross cross-section of 
the concrete alone. Variations of the moment of inertia along the axes of 
the slabs and columns should be taken into account. The joints between the 
columns and slabs may be assumed to have an infinite moment of inertia. 
d. Maximum bending moments in slabs. The maximum bending moments 
near the mid-span of a slab and at the center-line of the supports should 
be calculated for the following arrangements of the imposed loads; 
(i) alternate spans loaded and all other spans unloaded; 
(ii) any two adjacent spans loaded and all other spans unloaded. 
e. Design moments for flat slabs. The slab should be designed for 
the be:1:.ing moments so calculated at any section) except tha.t provision need 
not be ~ade for greater negative moments than those at the critical 
secti~~s for shear immediately adjacent to a column) as shown in Fig. 5. 
In a.::...l C5.ses the sum of the maximum positive bending moment and the average 
0:' ~ :-l.C, ;~<_' .-:-:s.:' i "Ie bending moments) used in the design of anyone span of the 
8l3.'::', :- :~- ... ~d. :or the whole panel width) be not less than; 
( 21) 
....:he:-o::· ',,; .:. s the total load per unit area on the panel and D is the diameter 
of ~he ~=:~~~ heads supporting the slab concerned (see Clause 331). Where 
the dia~eters of the column heads supporting the slab are not equal J D 
should be assumed to be the average of the two diameters. 
The bending moments for which provision is made should be divided 
between the column and the middle strips in the proportions given in Table 210 
* 
Table 21 
Distribution of Bending Moments in Panels of Flat Slabs Designed 
As Continuous Frames 
Negative moments 
Positive moments 
Apportionment between column 
and middle strip expressed as 
percentages of the total * 
negative or positive moment 
Column strip 
75 
55 
Middle strip 
25 
45 
Where the column strip is taken as equal to the width of the drop) and 
the middle strip is thereby increased in width to a value greater than half 
the width of the panel) the moments to be resisted by the middle strip should 
be increased in proportion to its increased widtho The moments to be 
resisted by the column strip may then be decreased by an amount such that 
there is no reduction in either the total positive or the total negative 
moments resisted by the column strip and middle strip together. 
fo Design moments in columns 0 The maximum bending moments in the 
columns may be assumed to occur when the imposed load is applied to 
alternate panels. The columns should be designed to resist that combination 
of bending moment and direct load consistent therewith which produces the 
greatest stress in a column. 
333. Empirical design of flat slabs 
ao General. This empirical method is described in Clauses 334 
to 338. Clauses 325 to 331 are also applicable 0 
b. Applicability of methodo The bending moments given in Clause 
335 apply only when the following conditions (i) and (ii) are satisfied. 
(i) Limitations regarding numbers and shape of a series of 
panels 0 The slabs should comprise a series of rectangular 
panels of approximately constant thickness) arranged in at 
least three rOws in two directions at right-angles, and the 
ratio of the length of a panel to its width should not 
exceed 4:3. The lengths and/or widths of any two adjacent 
panels in a series should not differ by more than 10 percent 
of the greater length or width. End spans may be shorter, 
but not longer, than interior spans. Where adjacent spans 
differ, the length should always be taken as that of the 
longer span in calculating the bending moments. 
(ii) Limitations regarding drops. The drops should be rectangular 
in plan, and have a length in each direction not less than 
one-third of the panel length in that direction. For exterior 
panels the width of drop at right-angles to the non-con-
tinuous edge and measured from the center-line of the columns 
should be equal to one-half the width of drop for interior 
panels. 
334. Critical sections for bending moments in flat slabs. 
For interior panels, fully continuous) the critical sections for 
the bending moments given in Clause 335 areLas follows (see Fig. 6): 
(i) Positive moment along the center lines of the panel 0 
(ii) Negative moment along the edges of the panel on lines joining 
the centers of the columns and around the perimeter of the 
column heads. 
335. Bending moments in flat slab panels. The bending moments for which 
provision is made should be divided between the column and middle strips 
as shown in Table 22, where 
M 
o 
wL2 
10 ( 22) 
Table 22 
Distribution of Bending Moments in Panels of Flat Slabs Designed 
By the Empirical Method 
Interior Panels 
With drops 
Negative moments 
Positive Moments 
Without drops 
Negative moments 
Positive moments 
Exterior panels 
Wi th drops 
Exterior negative 
moments 
Positive moments 
Interior negative 
moments 
Wi:,hout drops 
Exterior negative 
rJ'J~ents 
Positive moments 
I~terior negative 
:::::n:le:--.ts 
Apportionment of moments between 
the column and middle strips 
expressed as percentages of M 
o 
Column strip 
50 
20 
46 
22 
45 
25 
50 
41 
28 
46 
Middle strip 
15 
15 
10 
19 
15 
10 
20 
Note 1. ~he~e the column strip is taken as equal to the width of the dr?P, 
and the w~d~e s~rip is thereby increased in width to a value greater than 
half the ..... i (1:h of the panel) the moments to be resisted by the middle strip 
should be ir.:reased in proportion to its increased width. The moments to 
be resistej by the column strip may then be decreased by an amount such that 
there is nc recuction in either the total positive or the total negative 
moments resisted by the column strip and middle strip together. 
Note 2. where end spans are shorter than interior spans) the moments 
given in this table may be suitably modifiedo 
I 
-.) 
-' 
336. Widths of reinforcing bands. 
ao Slabs reinforced in two directions 0 In slabs reinforced in 
two directions only) the reinforcement should be so disposed that each strip 
is reinforced over its full width. 
b. Slabs reinforced in four directions 0 In slabs reinforced in 
four directions) the width of each direct band of reinforcement should be 
two-fifths of the panel width at right-angles to the direction of the rein-
forcement) and the width of each diagonal band should be one-half the panel 
length) or one-half the average panel length in the case of panels which are 
not square. 
c. Apportionment of reinforcement in four-way systems. 
(i) The reinforcement in the direct band should resist the 
entire positive moment on the column strip; 
(ii) The reinforcement in the diagonal bands should resist 
the entire positive moment on the middle strip; 
(iii) The reinforcement in the direct band) plus the reinforcement 
in the diagonal bands (the effective area of which is defined 
in Clause 102)) should resist the negative moment on the 
column strip; 
(iv) Add~tional reinforcement should be provided to resist the 
negative moment on the middle strip. 
337. Arrangement of reinforcement in flat slabs. 
a. Slabs reinfd~ced in two directions. 
(i) In each strip or band 40 per cent of the positive rein-
forcement should extend in the lower part of the slab to 
within a distance of 0.l,25L) measured from the line 
joining the cent~rs of the columns. 
(ii) The negative reinforcement in the top of the slab should I 
-.) 
extend into adjacent panels for an average distance) 
measured from the line joining the centers of the columns 
of not less than O.25L) and no bar should extend less 
than O.2L from this lineo 
(iii) The full area of negative reinforcement should be provided 
for a distance of not less than O.2L) measured from the 
line joining the centers of the columns.. The full area of 
positive reinforcement should be provided for a distance 
of not less than Oo25L measured from the center line of 
the panel. 
(iv) In flat slabs supported on columns without heads) or when 
the diameter of the head is less than twice the average 
width of the top of the column) two-thirds of the amount 
of reinforcement required to resist the negative moment in 
the column strip should be placed in a width equal to 
half that' 'of the column strip and central with the column. 
b. Slabs reinforced in four directions 0 
(i) For direct bands) the rules for slabs reinforced in two 
directions should be applied. 
(ii) In each diagonal band) 40 per cent of the positive rein-
forcement should extend in the lower part of the slab to 
within a distance of O.2L) measured from a line through the 
center of the column and at right angles to the direction 
of the band . 
. (iii) The negative reinforcement in diagonal bands in the top 
of the slab should extend into adjacent panels for an 
average distance of 0.4L beyond a line through the center 
of the column and at right angles to the direction of the 
band) and no bar should 'extend less than Oo35L beyond 
this line. 
(i v) In each diagonal band the full area of negati,ve reinforcement 
should be provided for a distance of not less than 0.3L) 
measured from a line through" the center of the column and 
at right angles to the dire'ction of the bando The full area 
of positive reinforcement should be provided for a distance 
of not less than 0.35L J measured from a line through the 
center of the panel and at right angles to the direction of 
the band. 
(v) The additional reinforcement required to resist the negative 
moment in the middle strip should extend for a distance of 
not less than 0.25L on each side of the line joining the 
centers of the columns. 
c. Slabs with discontinuous edges. At all discontinuous edges 
the positive &ld negative reinforcement should extend to within 3 in. of the 
edge of the panel) and should be provided with U-hooks. 
338. Bending moments in columns. 
(i) Internal and external columns should be designed to resist 
bending moments equal to 50 and 90 perl cent respectively of 
the negative moment in the column strip specified in Clause 
335. These moments should be apportioned between the upper 
and lower columns in proportion to their stiffnesses. In 
internal columns) the direct load acting with the moment 
may be reduced to allow for the panel on one side being 
free of imposed loado 
(ii) In the case of external columns carrying portion~ of the 
floors and walls as a. cantilevered load) the specified 
column moments may be reduced by the moment due to the dead 
load on the cantilevered portion. 
I 
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1. Definition 
BESTIMMUNGEN DES DEUTSCF-'E:N AUSCJIUSSES 
FUR STb'ILBETON (1960) 
DIN 1045 
26. Flat Slabs 
Flat slabs are reinforced concrete slabs with two-way reinforcement 
which have no beams and are supported on columns which are monolithic with 
the slabs 0 
2. Minimum Dimensions 
The slab thickness must be no less than 15 em. (6 ino). In the case 
of roof slabs, exceptions to this are left to the approval of the building 
inspector. 
In order for a rigid moment connection between the slab and columns 
to be poSSible, the largest dimension of the cross section of the columns 
should not be less than 1/20 of the spany L; measured in the same direction, 
but at least 30 cm. (12 in')J where L is measured from center to center of 
columns, and also no less than 1/15 of, .. the story heighty h 0 
s 
The column dimensions have the values shown in Figs. 18 and 19. 
OolL 
x 
Figures 18 and 19 
004 L 
x 
O.lL 
x 
The part of the column capital which lies below an angle of 450 
with the horizontal must not be used for the transfer of stresso 
3. Calculations 
Flat slabs may be c~lculated by the following approximate methods. 
The flat slab is replaced by two crossing bands of longitudinal and transverse 
beams which are treated as continuous beams with elastic fixed end supports or 
as multiple story rigid frames with the transverse supporting lines considered 
to be non-deflecting supports. Contrary-to slabs with two-way reinforcement, 
supported on all sides, these substitute beams and frames must be calculated 
in each direction for the most unfavorable load 0 
For the bending moments in the substitute frames, only 'the bending 
resistance of the columns immedi~tely above and below the slab is considered 0 
The bars of the substitute frames have spans Lx and Ly' cross section 
widths L and L , and a cross section depth, the slab thickness, do y x 
In order to determine the stresses which are produced in the slab by 
the bending moments Mx and My' each panel is- divided into an interior part 
ABeD ~:~t~ L/~ and. two -e-'r;~Onr pa ts AB~ and CDHG in each case of width z::Cll 
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L/4~ The interior part is called the middle strip and the exterior parts are 
called column strips. 
Of the positive (or negative) bending moments in one bar of the 
substitute frames, the middle strip receives 45% and both column strips together 
receive 55%, whereas of the negative bending moment in the column line 25% is 
to be assigned to the middle strip and 75% to both colunm strips. 
If the edge of the flat slab is continuously supported, the rein-
forcement in the slab strips of width 3/4 L located directly on and parallel 
to the edge can be 25% less than in a normal interior panel. 
Approximate Calculation for Flat Slabs 
For the calculation of the middle strip morrent, M:F" and the column 
strip moment, M , the following approximate equations can be used for which the 
G 
cross section Width is one. It is assumed that the slab is stiffened over 
the column capital by a drop panelo In the case of the slab without a drop 
panel, the values of the positive moment calculated according to Eq. 12 and 
13 are raised ':::ly 25%. 
1:-. E i.~J.B. tions 12 to 16 for the determination of Mx and My' substitute 
L and L..J rcq:ecti vely" for Lo 
x :. 
a) t:'~c'" ~.- (""+-""1" P I...J~i-.... ...... _ .. v\.. ... (12) 
r:'!Je u~C've formulas are valid for slabs which are· simply supported 
on exterior w-~~ls or in the case where the exterior supports consist of pin 
ended columns wich are not integral with the slab. If the latter are 
rigidly connected to the slab and are continuous columns anchored with the 
slab, the bending moments calculated according to formula 12 must be reduced 
by 20%. 
b) Interior Strip 
c) Column moment along the first 
interior row of colunms 
d) Column moment in the remaining 
rows of columns 
e) The bending" moments taken by the 
upper end of the lower columns and 
the lower end of the upper columns 
are given by the formulas 
L2 Ct2 + fb) 
L2 <f6 + n) 
L2 ~ (g + p) 
L2 
- If (g + p) 
_L2 
30 (g + p) 
_L2 
10 (g + p) 
c + PL ___ u __ _ 
- 12 c + 1 + c 
o u 
PL Co 
.± 12 -c-+-l-+-c-
o u 
( 13) 
(14) 
( 16) 
In formula. (16)) P is the total superimposed load in a strip ~th 
the dimensions Land L J 
X Y 
L 3u 
c = 
u hY' 
u d 
3 = d the moment of inertia of the slab corresponding to the panel width 
3 = the moment of inertia of the lower column) 
u 
3 = the moment of inertia of the upper column) 
0 
h the height of the upper column (story height)) 
0 
h = the height of the lower column (story height) 0 
u 
The above formulas apply also for exterior columns which are 
monolithic with the slab) if P is replaced by (G + p)} where G is the 
total permanent load on the panel with dimensions L and L . 
x y 
I 
~ 
:r) In the edge panels, for the middle strip parallel to the support 
line and for the column st~ip parallel to and at the edge the 
values of moment may be set at 3/4 ~ and 1/2 ~J "Where M:r and MG 
signify the applicable bending moment for the middle strip and 
column strip, respectively, for the normal interior panelo 
The steel must be placed, as in the case of continuous beams) in 
accordance to the pattern of bending moment ,and shear. 
The columns (interior and exterior) are to be calculated as parts 
of the frame according to Sect 0 27, no 0 2c 0 Concerning the amount of the 
longitudinal force, see Section 18, noo 30 
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REGLES POUR LES CALCUL ET L gEXEC1JrION 
DES CONSTRUCTIONS EN BRrON ARME 
Doc-llinent. Tecbn.iq,ue Unifie 
1960 
A3 Rules for the Calculation of Flat Slabs and Flat Plates 
A30 General Arrangements} DefinitionsJ Area of Application 
A300 The rules presented concern buildings of one or more stories in 
which the floors are made up of continuous slabs without ribs supported 
directly by columns.~ except that at their edges there can be bearing walls 
or beams which project above or below the slab 0 The slabs can be extended 
in a cantilever beyond the edge columnso 
On the plane of the upper surface of a slab} assumed to be hori,-
zontal:; the vertical axes of the columns are the points of intersection of 
two series of perpendicular straight lines.~ Xl'? X2 0 0 0 0 Xi.Q YIJ Y2} 0 0 0 0 Yi J 
located in the plane~ whose directions are marked respectively by the letters 
Yl L Y2 Y3 
X and Y:; and which divide the above x 
plane into rectangles of dimensions 
Lx and Ly (Fig 0 30)-;' the values of 
L (or L ) can be different· for two 
x y 
successive spans in the direction. X 
(or Y) 0 
The slabs are solid.9 of con~ 
stant thickness h and provided ~th 
o 
top and botto~ reinforcement arranged 
in the X and Y directions; it can 
likewise be provided with upper rein~ 
forcement outside of,the zones adjacent 
to the supports 0 In general) the slab 
reinforcement does not contain stirrupso 
L. 
Y 
FIGo 30 
The columns mayor may not have flared heads at each floor; in the 
general form of a truncated inverted pyramid or cone; called ··capitals 0 When 
there are capi t~s, the floors are called mushroom slabs; in ·the contrary case 
they are called flat platese 
If the slabs are not cantilevered beyond the edge columns) the heads 
of the edge and corner columns are flared only on the interior of the building. 
A301 Colunms 
All of the interior columns are assumed to be identical, with a 
rectangular cross section a times b. (Fig. 30) . If the cross sections of 
the columns of area B are circles or regular polygons; it can be assumed in 
carrying out the calculations that a = b =.JBo The columns along an edge 
T L:x2 
--'xl ~I:' -I 1-
Lyl 
b' b 
Ly2 
(all identical except for the corner columns) 
have cross sections a at least equal to 2 b or 
b 
a 2' ' a and b being either tile actual dimen-
sions of an interior column or the fictitious 
dimensions as above in the case where the 
sections of the edge columns are semi-circles 
or semi-regular polygons. 
The corner columns have identical 
a b 
cross sections with an area equal to 2 x 2 ~ 
A302 Capitals 
e > 450 The capital of an interior column 
~5° 
~ I l-;; 450 
~ useful yol~~e 
FIGo 32 
is the fr-astrum of a pyramid or cone where 
the small base is the upper section of the 
prismatic part of the colunm 0 The height of 
the capital is the distance from the plane of 
the small base to the lower face of the slab 0 
In the design calculations, only 
the part of the capital which comprises 
the interior of the frust~~ of the pyra~ 
mid or cone constructed on the small base 
of the capital and defined by the planes or 
the genetrices making an angle of 450 with 
the horizontal plane is retained as the 
useful volume of the capitalo (Fig. 32)0 
If the large base of the useful 
volume consists of a rectangle of dimen-
sions a v i and b v, one must have, 
b'<Oo4L l - y 
a~ or b v 
c 
aO or 
B 
E 
aarb 
FIGo 33 
Lxl and Lyl designating the dimensions of that one of the four panels surround~ 
ing the column considered which has the smallest surface or) if they are all 
the same, the dimensions of the above panelso 
If the large base of the useful volume consists of a polygonal or 
circular section of area Bl , the design calcul8,tions are made as if the large 
base 'Were a square of sides aU::;; b D = B1J with the above restriction that 
aD = b v ::: 004 Lxl 
Lxl designating the smallest dimension of that one of the four panels surround-
ing the colunm considered Ylhich has the smallest surface or.9 if they are all 
the same) the smallest dimension of the above panelso 
In the case where the slab is thickened in. the vicinity of th~ 
support due to the dropped panel such as CDEF (Figa 33) the dimensions aU and 
b' to be introduced in the design calculations are those indicated on the figul"'e 0 
I~ the points A and B occur between the points C and D) 
- in the contrary case 
A303 Area of Application 
The area of application of the :r.ules .:presented;~is.· limi ted,-,tb :the .case 
where the following inequalities are simultaneously satisfied: 
L 
..:L < L < 2 ~ 2 x Y 
b 
2 < a < 2b) 
b 
A31 Method of Calculation 
The bending in both 
directions X and Y of the panels 
whose juXtaposition forms the 
slab is studied independently, 
. taking into account each time the 
total dead load and live load 
supported by it. 
To this end, the build-
ing or each of the elements into 
which it is eventually divided by 1. 
Y2 
expansion joints; is broken up 
into two series of portal frames 
X and Y, supposedly independent 
of each other, whose middle planes 
b t 
"'2 < a~ 
< LYl 
5 
L. 
Xl 
FIG. 34 
< 2bo 
. 1 
I 
....J 
I 
....J 
-' 
are the vert~cal planes containing the straight lines (X) and (Y) defined 
above, conforming to that which is indicated in Figo 300 In this way then 
,/ 
in each series, a certain number of intermediate portals and two edge portals 
are consideredo 
Each portal is studied as a two-dimensional system composed of 
vertical posts consisting of the columns and horizontal cross beams defined 
in the following manner~ 
For an intermediate portal frame X '( or Y), the cross beams consist 
of the band of slab limited by the centerlines of the panels .-located. on odth 
sides of the portal considered 0 
If these panels have different spans L 1 and Ly2 (or Lxl and L
x2), L + L y . 
the width of this band is equal to yl 2 y2 for a portal frame X (and 
Lxl + Lx2 
2 for a portal frame Y)o 
For an edge portal frame X (or Y)J the cross beams are the elements 
of the slab defined by Figure 34J the width 
L 1 L. 
2 
L 
, xl 
+ L \or -2 yo + 
L and L deSignating, when they exist, the cantilever beyond the edge yo xo 
columns 0 The design calculations are carried out as if the middle plane of 
the cross beams of an intermediate portal or the edge coincided Yli th the 
plane containing the vertical axes of the uprights 0 
A311 Dead Loads and Live Loads 
The following rules are a~plied to the case of uniformly distributed 
dead and live loads, of unit surface intensity by g and PJ respectively 0 
However, if P signifies the total live load. p L L an a panel, a loca.1ized 
x y 
live load whose unit intensity does not exceed pilo will be permitted at the 
same time as the uniformly distributed live load on the condition that the 
total live load remains at most equal to 0.9 P and that the resistance of 
the slab to punching permits the application of the localized load. 
The case where the unit intensity of the localized superimposed 
p 
load exceeds 10 must be the object of special justification. 
The uniformly distributed load P can be distributed in any manner, 
for example on one or several rows of panels or on certain panels alone. 
In the case where the slab considered constitutes the foundation of a 
reservoir not divided into compartments and supports only the weight of the 
liquid stdred in the reservOir, the superimposed load applied to all of the 
panels and the loads which result are ~roportional to those determined for 
the permanent load g. 
A3l2 Forces in the Portals 
The forces in each portal can be determined by means of the 
classical methods of the strength of materials, the deformations due to 
normal forces and edge forces being neglected, the spans of the cross beams 
being regarded between the axes of their supports and the height of the 
uprights being the distance between the upper surfaces of consecutive floors 0 
Furthermore, in order to take into account the fact that the 
rigidity of the columns and of the slab is only assured locally by the inter-
vening capital, the following assumptions may be made in computing the forces~. 
The stiffness of the posts is equal to the theoretical stiffness 
illultiplied by the COefficient 
2 + A. h 
3 
The carry-over factor is equal to the theoretical carry-over factor 
multiplied by the coefficient ~ (1 + "-1), the fixed end moments of the cross 
I 
...J 
'-.. 
beams are equal to the theoretical moment multiplied by the coefficient 
A.' 
1 - 3L where ~ represents the ratio between the height of the capitals 
2 b t 2 at 
and the height of the posts, and ~ the ratio L I or L L for 
- L yl + '"';(2 Xl + x2 
a portal Yo 
The following simplifying assumptions can be made ~ 
Under the action of the dead load and live loads) the portal joints 
remain fixed, even in the absence of wind bracing on the condition that the 
portals are at least three spans in length 0 
The moment of continuity produced in a joint by the dead loads 
and the live loads can be evaluated by only taking into account those 
applied to the cross beams abutting this joint and in admitting that the 
cross beams i - z, i-I, and i + 2 are perfectly fixed in i ~ 2 and i + 2 
respectively and that the 
columns are perfectly fixed 
in the slabs immediately above 
and below the joint i consid- i-2 i-I i. i+l i+:2 
eredo (See Figo 36) FUrther~ 
/ 
more) the columns abutting the 
FIG 0 36 
last slab or leaving the foun-
dation must be considered as only partially fixed and the assumptions made 
concerning them must be justified 0 
The deformation of the capitals is negligible with respect to the 
part of the slab outside of the capitals and to the prismat,ic frustrums of 
the columns 0 
The portal forces, in the absence of wind bracing, resulting from 
the action of the ~nd, can be evaluated by the application of rule 4oll2o 
A32 . Division of the Panels of the Slab into Bands 
In order to study bending L x Ar ~I B 
in the portal direction Lxl each 
panel will be broken up into a middle 
=r L U -~, y 
strip and two half-strips at the 
columns as indicated in Figure 370 
The width L~ of the column y 
half-strip is equal to: - for the 
evaluation of the resistance of the 
slab to the moments: at· ;the supports) 
to the largest of the two dimensions 
- for the evaluation of the resist-
L 
Y 
L 
Y 
D L c 
Al- x -( B 
D~ ~c 
x x 
Column half-strip 
Middle strip 
FIG. 37 
L U 
Y 
ance of the slab to the moments in the span, to the largest of the two 
dimensions 
L 
In each cas·e t; sh'all not exceed Ie The width of the corre-
sponding middle strip will be equal to L - 2L U • 
Y Y 
In the direction of the span L~ the width L~ would be defined 
in the same manner by substituting x for y and a for b in the preceding 
expressions 0 
A33 Distribution of the Bending Moments to the Different Strips 
The positive and negative bending moments in the cross beams of 
the portal frames, determined as indicated in A3l, will be divided petween 
the middle strips and column strips in accordance with the following table., 
in which: 
I 
....J 
j 
-J 
~ (M) and (l1 f) represent respectively the absolute maximum values of 
the posi ti ve and negative moments in an ir1.termed.iate span of an intermediate 
portal 0 
~, (~) and (MJ..) represent respec.ti vely the absolu.te may,imum values 
of the positive and negative moments in an edge portalo 
~, The indication '\msupported edge" refers to the case where the 
slab is neither thickened nor bearing on a wall along the edge considered 0 
The indication "supported edge" corresponds to. the case where either a beam 
having a depth of section, h t .' at least equal to three time~ the slab thick-
ness h ) or a wall capable of supporting it effectively., along the edge 
o 
conside.redo 
If along the edge considered~ there is a beam haVlng a depth of 
section less than three times the slab thickness.? h 9 the distribution 
o· 
coefficients int·ermediate between those given for B!unsupported edges II and 
usupported edges" can be deternLi.ned by linear interpolation, t,he variable 
h
t being t·he ratio h~ 
o 
St:- ':'p Positive 
Moments 
Negative; 
Moment.s in 
the Vicinity 
of an Interior 
Column (E) 
Cons:;'d~~ed. 
Middle Half-St~:-~p of an 0,,20 (M) 0012 .(M~) 
Inte_~med.i~t~ Po;--t.al (A) 
Middle Half·,St.rip of an 0040 eM) 0024 (Mu) 
Edge Portal i, ~ ) 
Column Half-S:.:-ip of an 0030 (M) 0038 (Ms) 
Intermediate Port-..-al (C) 
Column 
Half ~,Strip 
of an Edge 
Portal 
(D) 
Unsupported 0060 eM1) 0076 CM{) Edge 
Negati.ve Moments in the 
Vicini.ty of an Edge Column (:[1 
UnSUFPort.ed 
Edge 
Supported 
Edge 
* In this case (~) 8J1d (Mj) are calculated as if t.he edge were: not support'ado 
(F) .. (F) Edge (F) 
___ Mi_·_d_d_l~ I hal f-~triP , 
Edge Span 
(F) Edge Colurrms 
Intermediate Span 
(E) Interior Columns 
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Intermediate Span 
The bending moments due to the dead and live loads assigned to 
the column half -strip of a panel in which one side ~s an edge along which 
there is a beam should be divided between the beam and the half-band at 
the support of the edge of the panel in proportion to their respective 
moments of inertia} but the bending moments assigned to the half-strip 
under consideration shall be no less than those. defined by the tableo. In 
orde;r- to proportion the section of the slab) the width LY of the colUI1U1 
x 
half-strip designed to resist the positive moment can be used 0 
A34 ApprOximate Method of Calculating Forces 
fJ.-z.,4..L" Ar ~ A 1· t· S6/ -ea 0.1. IiP lea lon 
The validity of the approximate method is strictly limited to the 
follo~ng case8~ The ratio L /L of the two dimensions of the panels and 
x y 
the ratio a/b. of the two dimensions of the rectangular columns are at most 
equal to 1.5; thes~ans Lx (or Ly) of two successive panels shall not 
differ by more than 30%; resistance to horizontal forces is assured by a 
I 
...; 
-rigid structure (walls, facades, partitions), distinct from t.hat of the 
flat slab or flat plateo 
A342 Notations 
Lt 
c r 
h2 
h 
0 
h J h 
s n 
q 
I 
I , I 
s n 
The span (indicated x or y) of the panels between the axes 
of the columns in the directions X or Yo 
The dimension of the capitals (a I or b V) measured in the same 
direction as Lt 0 
The height of the capital, defined in A3020 
The slab thickness 
The height of the lower and upper columns measured between 
the upper face of the floorso 
The permanent load or superimposed load per linear meter for 
the slab strip constituting the horizontal cross beams of 
the portal and defined in A310 
The moment of inertia of this same band 
The moments of inertia of the cross sections of the upper 
and lower columnso 
The geometric parameters defined by the relations~ 
The approximate method is only applicable for 
A343 Evaluation of Forces 
The forces in the portals X or Y (defined in A3l) can be evalua.ted 
in a:pplying rule All concerning the moments at t,he joints in the continuou.s 
beams integral with the columns which sUPI>0rt them 0 In particular.9 t,he widths 
L i, L_?J h!, h I are determined beginning wi t.h L ; L_.-, h, h in utilizing the 
e w s n ew s· n 
reduction coefficients defined in this ruleo 
The values of the coefficients K and the absolute values of the 
moments M' and M' are given by the relations~ 
w e 
K I 
w ""-- LV LW w 
K I = L' e 
''--Le e 
K 2 I (1 + h ~ N1) = 3 s s s 
L,2 2 
M' = ~ W (106 - ALW) 
w 805 2 
L,2 2 
M' 
qe e (1.6-- 'ie) 
e 8·5 2 
In these relations, ""Lw and ~e' ~ and qe represent the values of 
~ and q relative to the beams to the left and right of the joint considered 0 
The noments in the sections located in the axes of the intermediate 
and edge columns are evaluated beginning with the values of K_--, K , K , K , 
w e s n 
MV and M! whic~ are defined above, in utilizing the corresponding relations 
w e 
given by rule All. 
A35 Resista.'"].ce o!' the Slab to the Bending Moments 
~~e ~~~~ts aSSigned to each strip or half-strip in the conditions 
indicated abo"te are assumed to be uniformly distributed across the width 
of each of tbc~. Consequently, the reinforcement shall be uniformly dis-
tributed in ea~~ b~~ or half-band 0 
If the pa.'1els are not square) the lower reinforcement parallel to 
the SP~ll be placed below the reinforcement parallel to the 
shortest sides and the upper reinforcement parallel to the longest side, 
abov~ that parallel to the shortest sideo 
support. 
The verifica.tion concerr~r~ the bendi~~ resistance of the sections~ 
( I) 
( II) 
In the axis of a support 
bY a i At the distance 2 (or "2) on all sides of the axis of this 
(III) At the edges of the panel, again when it exists, will be 
carried out by taking into account rule 4063 relative to the brackets and to 
abrupt changes of sectiono 
In addition, if as a result of the: constructive arrangements pro-
vided., the useful height of the capital is more than three times the useful 
thickness of the slab] verification of the sections at the supports will be 
made in limiting the useful height of the capital to three times that of 
the slab. 
The termination of upper and lower reinforcement will be determined 
conforming to rule 4~24 by replacing ~ by z unless the band considered cannot 
Go 
be provided with stirrups conforming to rule 40234. 
In addition, whatever may be the relation of the spans of different 
panels} it should be verified that the section of the reinforcement in the 
span adjoining the width L (or L ) is at least capable of balancing the 
x y 
momen~ in a span of a beam of the same width of span L - a i (or L - b') 
. x x-
subject at the same time to the dead and live loads and considered perfectly 
fixed at their supports 0 
A36 Resistance of the Slab to Punching Forces 
There is no reason to provide transverse reinforcement if 
2z L 
TIr < a i (b' + h ) Y ~ b a L + b~ 
Y 
TIl deSignating the punching forces in section II and z, the lever arm of 
the elastic couple in that sectiono 
If the above condition is not satisfied, h or b' must be increased, 
o 
transverse reinforcement conforming to rule 40234 must be providedo This 
reL~orcement ~JSt be calculated for a fraction of the punching force equal 
to 
x 2L 
Y 
The above reinforcement shall be necessary as far as Section IV, 
located at a distance bit from Section II, for which the following condition 
'is satisfied: 
< (b 8 + b fI) 
2 z L y 
The upper reinforcement crOSSing Section II of width b' + 2h must 
o 
have a section at least equal to that needed to support under admissable 
stresses a tension in the direction of the reinforcement of intensity equal 
The preceding remains valid for flat plates by substituting b for 
b i • 
A37 Column strength 
The strength of the columns shall be verified under the action of 
the . loads evaluated as indicated in A312 to which is added the vert,ical loads 
cOming from upper floorso. The disposition of the loads shall be considered 
in a manner to produce the most unfavorable stresses in the concrete or re-
inforcement of the section consideredo 
Each portal frame being assumed to be a plane system, the verifica-
tions are made in. composi te bending and they must be made in direction X and 
in direction Y <> 
I 
I 
-..J 
In addition) it shall be verified that the oblique reinforcement 
in the capitals (Fig. 39) is sufficient to assure the resistance to the 
bending couples. which load. the above capi-tal when the disposition of the 
load is unsymmetrical. 
A38 Openings in the Slab 
Openings can be used in the 
zone common to two central bands on the 
condi tion that ~ 
1. Their largest dimension 
does not exceed L /6. 
. x 
2. Tne interru~ted sections 
of reinforcement are re-
placed by equivalent areas 
of reinforcement., 
3. The stresses s1.lpported by 
the concrete remain no 
greater than the admissable 
stress. 
FIG. 39 
Between two openings there must be a more or less equal zone, in 
the direction X or Y, three times the largest dimension of the opening. In 
the zone common to a central band and a column band) the openings cannot be 
more than Lx/10 in~ direction X or L~lO in direction Y in their longest 
dimension. 
In the case of openings in zones common to two column bands they 
must in every condition be made the object of special justification, especially 
that which concerns resistance to punching forceso 
In every case, the remaining sections of concrete must be sufficient 
so that the stresses do not exceed the admissable limits and if necessary 
must be reinforced with appropriate reini'orcement (longitudinal and t:ransverse) 0 

